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Industrial Back Injuries—Bell System 


Results of a Three-Year Survey 


GEORGE F. WILKINS, M.D., Boston; JEROME W. SHILLING, M.D., Los Angeles, and EDWARD J. SCHO- 


WALTER, M.D., Chicago 


Introduction 


Discussions of the “industrial back” at 
recent System medical conferences revealed 
differences of opinion among the conferees 
regarding both the magnitude of the prob- 
lem in our industry and the most desirable 
and practical medical approaches to its pre- 
vention. This lack of agreement, in part, 
appeared due to the fact that no one com- 
pany experiences a sufficient number of 
such cases in any given period of time to 
permit satisfactory analysis. Consequently 
in 1955 a Medical Committee was appointed 
to study the problem within the Bell Sys- 
tem as a whole. 

For the purpose of obtaining a suffi- 
ciently large number of cases to lend validity 
to the results, this study was planned to 
cover the System experience over a three- 
year period. The years 1952 through 1954 
were selected. By means of a special ques- 
tionnaire certain basic data were obtained 
on each individual occurrence during this 
period in which either disability or dis- 
ability assignment resulted. 


Received for publication Nov. 9, 1956. 

Presented as a Committee Report at the 1956 
Bell System Medical Conference, Hershey, Pa., 
Oct. 22, 1956. 

Medical Director, New England Telephone & 
Telegraph Co. (Dr. Wilkins); Medical Director, 
Pacific Telephone & Telegraph Co. (Southern 
Area [Dr. Shilling]), and Medical Director, 
Western Electric Co. (Hawthorne Division [Dr. 
Schowalter] ). 


Those who contributed information for 
the survey comprised all operating com- 
panies in the System, including the Bell 
Telephone Company of Canada, the 
Southern New England, and the Cincinnati 
and Suburban Companies. The Bell Tele- 
phone Laboratories, the A. T. & T. and 
Western Electric headquarters organiza- 
tions, and six selected manufacturing 
plants of the Western Electric Company 
also participated. 

With a few exceptions, all returned ques- 
tionnaires were suitable for inclusion in 
the study, and the results herein presented 
are based upon 1739 back injuries arising 
out of and during the course of employ- 
ment. 

Of the 1739 occurrences, 145 or 8.3% 
were classified as re-injury. However, in 
the majority of these re-injuries the initial 
injury had occurred prior to the period of 
this study, i. e., prior to 1952, so that ap- 
proximately 1700 persons are represented 
in the 1739 cases to be discussed. 

Each year of this three-year study ac- 
counted for almost the same number of 
cases, as follows: 

567 cases occurred in 1952. 

594 cases occurred in 1953. 

569 cases occurred in 1954. 


In nine cases the year of occurrence was not 
indicated. 


These figures would suggest that the in- 
dustrial back injury situation in the Sys- 
tem may be a relatively stable one from 
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General Distribution of Cases 


No. of 


Cases 
Bell lab. & hdq. groups j 71 
Western Electric mfg 495 
1,173 


1,739 


Per Cent 


Frequency 
of Total 


Rate per 1000 
4 14,947 4.7 

28 65,213 7.5 
68 623,406 18 


100 


703,566 2.4 


year to year as far as incidence is concerned. 
In that the type of work operation and 
job requirements are quite different as 
among the operating companies, the West- 
ern Electric manufacturing plants, and the 
headquarters groups, the data have been 
separated and for the most part will be pre- 
sented as they apply to these three groups, 
respectively. A few charts have been pre- 
pared to present findings relating only to 
the operating companies, either because it 
was believed that the results are primarily 
applicable to this group or because the 
number of cases in the other groups was 
insufficient to be of particular interest. 
The Table represents the general distribu- 
tion of cases. Since the operating com- 
panies contain a majority of personnel 
involved, the largest number of cases oc- 
curred in this group. It is interesting to 
note, however, that the frequency rate of 
these injuries in the laboratories and head- 


quarters groups was approximately two 


and one-half times that of the operating 
companies, while in the six Western Elec- 
tric manufacturing plants the frequency 
rate was more than four times that of the 
operating companies. 

Because of the large number of individual 
organizations involved, with the exception 
of two charts (Figs. 8 and 9), no attempt 
has been made to present findings on an in- 
dividual company basis. 

Since the operating companies’ Standard 
Codes for Occupational Classification of 
Employees do not prevail in the labora- 
tories, headquarters groups, or Western 
Electric plants, it was feasible only to sepa- 
rate the occupations within these groups 
into sedentary and nonsedentary categories. 

Chart 1 presents the number of back in- 
juries for the three groups by job descrip- 
tion. In the Bell Laboratories and head- 
quarters groups there was very little 
difference between the sedentary and the 


nonsedentary classifications, the figures be- 
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ing 33 and 38 cases, respectively. In the 
Western Electric group it will be noted 
that there is a relatively large number of 
cases (185) occurring among those whose 
occupations are classed as sedentary, this 
figure comprising about one-third in the 
Western Electric group. There were 310 
cases in the nonsedentary category. In the 
operating companies the largest number of 
back “injuries (546) occurred among plant 
craftsmen, comprising 46.6% of the total 
cases in this group. There were 344 cases 


(29.4%) among traffic operators. Ninety- 


CASES 


BELL LABS. AND HQS. 


LENGTH OF SERVICE 


WESTERN ELECTRIC 


six cases (8.2%) occurred in the house 
service group, and 185 cases (15.8%) com- 
prised all others, principally in the 
executive, accounting, engineering, and 
commercial departments. 

Chart 2 represents the distribution of 
cases according to age. In all three groups, 
as might be expected, the greatest number 
of injuries occurred between the ages of 
20 and 50. In the Western Electric com- 
panies 90% of all back injuries were in 
these age groups, with 72% occurring be- 
tween the ages of 20 and 40. In the op- 
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HEADQUARTERS WESTERN 


ELECTRIC 
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COMPANIES 


erating companies approximately 68% 
occurred between the ages of 20 and 40, 
with 42% of the total in this group appear- 
ing in the 20 to 29 age bracket. The age 
incidence, as demonstrated by this Chart, 
probably is due to the fact that the major 
proportion of employees fall within these 
age groups. 

Chart 3 represents the distribution of 
cases by length of service. It is apparent 
that in all groups the great majority of 
industrial back injuries occur during the 
first 10 years. Additional discussion of 
this Chart will be omitted in deference to 
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other findings pertaining to the relationship 
of these injuries to the length of time on 
specific job assignment. 

Chart 4, indicating the incidence of in- 
jury in the three groups by sex, is self- 
explanatory. The preponderance of men 
over women in Western Electric probably 
is due to a corresponding sex preponderance 
in the employee population. In the operat- 
ing companies the relatively high proportion 
of back injuries among women will be 
noted, comprising approximately 45% of 
the total. Although substantial, this figure 
fer women becomes less significant when 
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it is recalled that the proportion of women 
to men in the operating companies is 
roughly of the magnitude of 2 to 1. 

Chart 5 is identical with Chart 1 except 
that a separation of the job categories by 
sex has been added. That part of the 
column below the horizontal line represents 
the proportion of men; the part above, 
women. In the Western Electric group men 
predominate in both columns, with 21 
women in the nonsedentary and 54 women 
in the sedentary type of occupation. In the 
operating companies the plant craftsmen 
column is almost exclusively men, with the 
traffic operators column almost exclusively 
women, corresponding to the normal sex 
preponderance in these two job categories. 
The house service group, although a 
small proportion of the over-all total, never- 
theless reveals a significant proportion of 
women (40 out of 96 cases, or 41.7%). 
This may suggest an increased susceptibility 
to this type of injury among cleaners, din- 
ing service personnel, quarters attendants, 
and elevator operators. 

Chart 6 indicates the distribution of cases 
according to length of time on specific job 
assignments preceding the date of injury. 
It will be noted that in the Western Electric 
group 44%+ of injuries to the back oc- 
curred during the first 12 months of specific 
job assignment. Another 15%+ occurred 
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during the second 12 months. In the operat- 
ing companies 34% of cases occurred with- 
in the first 12 months and another 14% + 
during the second 12 months. 

The fact that almost one-half of all in- 
dustrial back injuries in the operating com- 
panies and more than one-half in the 
Western Electric group occurred within the 
first two years on specific job assignment 
indicates that this is the most critical period 
for this type of injury. Though not al- 
ways the case, of course, it may be pre- 
sumed that in most instances the length 
of time on a specific job parallels the length 
of service, which, in turn, parallels the age. 
In other words, the largest number of these 
injuries occur among workers at an age 
when the general physique, musculature, 
and other supporting structures of the back 
are in optimum condition. This, in turn, 
would suggest that unfamiliarity with the 
physical requirements of the job and/or 
faulty work performance are more im- 
portant underlying factors than is the 
physical condition of the person. One im- 
portant approach to the back problem would 
appear to lie in the accident prevention field. 
Perhaps even more emphasis should be 
placed upon instruction in proper job per- 
formance and upon adequate supervision 
than is now being undertaken. 
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Chart 7 represents the distribution of 
cases by the manner in which the injuries 
were incurred. It will be noted that in the 
operating companies the major causes were 
twists, slips, and falls from heights in about 
equal proportion, with lifts close behind. 
Direct blows to the back and motor-vehicle 
accidents accounted for only a relatively 
small proportion of the total. 

When the Western Electric plants are 
considered, it immediately is obvious that 
lifts are the greatest single causative factor, 
followed in second place by twists. Owing 
to the nature of work operations in the 
operating companies and the Western Elec- 
tric manufacturing plants, these findings are 
not surprising. 

Addition of the laboratories and head- 
quarters groups adds a few cases to each 
column with the exception of motor-vehicle 
accidents; this again is a finding that might 
have been expected. 

Although physical condition well may 
have been a factor in many of these cases, 
nevertheless these findings also suggest that 
faulty work performance and carelessness 
play a large part in the majority of these 
injuries and again would seem to emphasize 
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the importance of careful instruction and 
supervision in proper job performance. 

Chart 8 demonstrates the per cent of back 
injuries occurring in each operating com- 
pany in relation to the employee population 
of that company expressed as a percentage 
of the total population of the System. The 
bars represent the per cent population, with 
the lines representing the incidence. No 
attempt has been made to calculate a system 
average. This Chart is included primarily 
as an item of interest rather than one of 
significance, for it is realized that any num- 
ber of variables may and do exist from 
company to company, thus precluding any 
comparisons firm enough to withstand the 
crumbling effects of critical analysis. 

Chart 9 is similar to the preceding Chart 
8, with the exception that the lines represent 
the severity in days of disability rather than 
incidence of injury. This Chart also is in- 
cluded as of interest rather than signifi- 
cance, for it is obvious that Company A 
with only 1 case would have a very favor- 
able frequency experience when compared 
with Company B of similar size in which 10 
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cases of back injury occurred. However, 
if the 10 cases in Company B all were minor 
strains and the 1 case in Company A was 
a compression fracture with cord injury, 
the frequency and severity experiences of 
the two companies would be dissimilar in- 
deed. 

In addition to the over-all analysis two 
types of injury were extracted from the 
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total and given special study to determine 
their relative importance, primarily from the 
point of severity and cost. The upper back 
injuries and the compression fractures were 
the two types selected. 


Upper Back Injuries Excluding 
Fracture 


There was a total of 190 cases reported, 
almost all of them involving strains of the 
supporting structures of the thoracic or 
cervical areas. Of these cases 101 occurred 
in the operating companies, 81 in Western 
Electric, and 8 in the laboratories and head- 
quarters groups. That this group of cases 
is of relatively minor importance from the 
point of severity and cost is indicated by 
the left column of Chart 10. Although this 
particular Chart relates only to the operating 
companies, the situation in Western Elec- 
tric is quite similar. The 101 cases in the 
operating companies accounted for only 
1717 days of disability and 352 days of dis- 
ability assignment. Total cost amounted to 


$21,000. 


Fractures 


For all groups a total of 108 cases of 
fractures were reported, of which 24 were 
fractured transverse processes and 84 were 
compression fractures. Except con- 
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sidered in the over-all results, the trans- 
verse process fractures were not further 
studied. 

Of the 84 cases of compression fractures, 
there were none in the Bell Laboratories 
and headquarters groups and only 2 in the 
Western Electric plants. The special study 
of compression fractures, therefore, was 
confined to the 82 cases occurring in the 
operating companies. 

Of these 82 cases, 71 involved men, 68 of 
whom were in the plant department. Eleven 
cases occurred among women, nine being 
in the traffic department. 

Sixty cases were produced by falls, of 
which two involved women. Nine cases re- 
sulted from slips, all the patients being 
women. Four cases resulted from direct 
blows; one case, from a twist; and eight 
cases, from motor-vehicle accidents. 

Seventy-four cases were compression 
fractures without spinal cord injury. Of 
this number, 53 cases involved a single 
vertebra (25 lumbar and 28 thoracic), and 
21 cases involved more than one vertebra. 
There were eight cases complicated by cord 
injury, two of these being in the cervical 
region and resulting in instant death and 
permanent partial disability, respectively. 

Disposition of the 82 cases was as fol- 
lows: 

Fatal 

Permanent total disability 
Permanent partial disability 
Full recovery 


Still under observation 
No answer 


Total 
These 82 cases of compression fractures 
in the operating companies accounted for 
8435 days of disability and 2303 days of 
disability assignment. Total costs amounted 
to $298,937, or an average cost per case of 
approximately $3645. 


Low-Back Involvement 


Of the 1739 cases in this study, 972, or 
approximately 56%, were diagnosed as low- 
back strain without fracture. Another 134 
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cases, or 7%, were diagnosed as “disc in- 
volvement.” In other words, of the total 
cases in the survey, 63% of all cases fell 
within the low-back syndrome category. 

If attention is directed to the right-hand 
column of Chart 10, it immediately is ob- 
vious that low-back injuries not involving 
fractures represent the major problem as 
far as severity and costs are concerned. 
Although this Chart embraces the experi- 
ence only of the operating companies, the 
situation in the other groups does not 
materially differ. That this type of injury 
constitutes the principal problem will come 
as a surprise to no one. How to attack it, 
of course, is another matter. 

Initially, in addition to the questionnaires, 
other general information was requested 
with regard to the general preplacement ex- 
amination policies and procedures of each 
organization participating in this survey. 
With but few exceptions, all companies have 
a program of routine general preplacement 
medical examinations of most applicants 
for employment. Within the operating 
companies none carry out a special clinical 
examination of the back as a routine pro- 
cedure. Seven of the twenty operating com- 
panies have a program of routine preplace- 
ment X-ray examination of the back. 
However, in most of these seven companies 
such examinations are conducted only in 
those areas of each company where medical 
and x-ray facilities are conveniently avail- 
able and only in certain categories of em- 
ployment. 

In one approach to analysis of results in 
this survey an attempt was made to correlate 
the experience of those companies which 
have a preplacement back x-ray program 
with those which do not. However, it soon 
became apparent that this was a practical 
impossibility owing to the presence of so 
many variables, such as rate of hire, labor 
turnover, number of transfers from one job 
assignment to another, and the number of 
employees in each company without back 
injuries who had not had preplacement back 
X-ray examinations compared with the 


Vol. 15, Feb., 1957 


4 

a 


POST 


INDUSTRIAL BACK INJURIES—BELL SYSTEM 


INJURY X-RAY FINDINGS 
EXCLUDING FRACTURES AND UPPER BACK 


COSTS PER CASE 


WESTERN ELECTRIC 


number of employees in the same company 
without back injuries who had had preplace- 
ment back x-ray examination. To attempt 
a comparison of low-back injuries on the 
basis of frequency and arrive at valid re- 
sults seemed to be a hopeless task. There- 
fore, it was decided to study the results 
from the aspect of severity, since this is 
measurable, definitive, and for the most part 
comparable. 

For the purpose of arriving at results 
that might be meaningful, it seemed advis- 
able to exclude certain types of cases. To 
this end the following procedure was 
adopted. 


POST 
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1. Those cases not preventable by any type of 
preplacement or preinjury medical examination 
program were excluded. This group consisted of 
all cases of fracture, contusions and abrasions, and 
multiple injuries. 

2. The remaining cases further were reduced by 
excluding those classes of employees who probably 
would not have had either a preplacement x-ray 
examination or a special clinical examination of 
the back, even had such a program been in ex- 
istence, 

3. Those cases of low-back injury remaining 
consisted only of those persons in the job cate- 
gories of plant crafts and house service employees 
(janitors, cleaners, dining service personnel, and 
garage men) in the operating companies and those 
in nonsedentary jobs in Western Electric. 
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4. This group remaining was separated into 
three divisions according to postinjury x-ray find- 
ings only. The first division consisted of those 
cases of low-back strain with normal back x-ray 
findings after injury. The second division con- 
sisted of those cases with postinjury back x-ray 
findings that might or might not have been present 
at the time of employment and represented prin- 
cipally cases of arthritis or other disease pro- 
cesses and narrowing of the fifth interspace 
suggestive of disc injury. The third division con- 
sisted of those cases of low-back strain whose 
postinjury x-ray findings revealed only congenital 
anomalies. 

5. These three divisions then were compared by 
severity—i. e., on the basis of costs and days of 
disability per case. 

Chart 11 presents a comparison of the 
total costs per case. In both the Western 
Electric plants and the operating companies 
it is evident that those cases of low-back 
involvement with x-ray-detectable congenital 
anomalies cost more per case than do either 
of the other two divisions, being almost five 
times as great as in the case of normal backs 
by x-ray in the Western Electric Company 
and approximately two and one-half times 
as great in the operating companies. 

Chart 12 presents a comparison of total 
days of disability per case. Here, although 
those cases revealing evidences of disease or 
suggestive disc involvement by x-ray have 
somewhat greater disability than those with 
congenital anomalies, the increased amount 
of disability in those with congenital anom- 
alies as compared with those with normal 
backs is apparent. In this connection it also 
should be emphasized that many cases in 
the second division—i. e., those revealing 
abnormalities other than congenital ones by 


x-ray—would have shown such x-ray find- 
ings at the time of preplacement examina- 
tion, 


Conclusions 


Any attempts to draw sweeping conclu- 
sions or develop specific recommendations 
purely from the results of this survey indeed 
would be unwarranted. The majority of 
findings in this report have been presented 
primarily as informational material. How- 
ever, there are three conclusions that may 
be drawn from the survey findings, as fol- 
lows: 

1. The occurrence of one-half or more 
of all back injuries within the first 24 
months of assignment to a specific job sug- 
gests the desirability of devoting increased 
attention to instruction of new employees 
and employees new to the job in methods 
of proper and safe work performance. 

2. The results of this survey have de- 
veloped nothing to indicate or suggest that 
preplacement back x-ray examination pro- 
grams materially affect the incidence of in- 
dustrial back injury. 

3. In the aggregate, x-ray-detectable con- 
genital anomalies of the low-back region 
apparently do not unduly predispose a 
worker to low-back strain. However, if 
such a person does strain his back, the re- 
sulting disability and expense will be ap- 
preciably greater than in one with normal 
back x-ray findings. 

Mr. George A. Skinner, General Statistician of 
the New England Telephone & Telegraph Co., 


provided technical advice and assistance in the 
preparation of this report. 


245 State St., Boston (9) 
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Chlorine Dioxide 


TORE DALHAMN, M.D., Tomteboda, Sweden 


Introduction 


Chlorine dioxide gas has excited increas- 
ing attention since the discovery of its in- 
dustrial usefulness for bleaching inter alia 
paper pulp. This has entailed interest in the 
toxicology of the gas. The available indus- 
trotoxicologic literature, however, contains 
only a few reports on chlorine dioxide. 
Elkins ! described two cases of chlorine di- 
oxide poisoning, one of them fatal, after 
exposure to about 19 ppm for a not precisely 
defined period. According to this writer, the 
gas is a respiratory irritant and must be 
handled with extreme caution. 

The maximum allowable concentration of 
chlorine dioxide has been estimated at 1 
ppm. A search of the literature, however, 
has yielded only one mention of tests on 


~ Received for publication Sept. 25, 1956. 
From the Department of Occupational Hygiene, 
National Institute of Public Health. 
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Toxicity in Animal Experiments and Industrial Risks 


Compressed air 


animals. Taylor and associates? reported 
figures for the duration of exposure to, and 
concentration of, chlorine dioxide in experi- 
ments on guinea pigs but presented no de- 
tailed data. 

The chemical and technical literature on 
the subject is more abundant, e. g., Holst.* 
For present purposes, however, the only 
relevant aspects are laboratory production 
and determination of chlorine dioxide gas. 


Production of Chlorine Dioxide 


In gaseous form chlorine dioxide (ClO2) 
is yellow and has an unpleasant, irritating, 
and characteristic odor. Its melting point is 
—59 C, and its boiling point is +11 C. 
Liquid ClOg is red and explosive. The gas 
is also explosive, although this property 
seems to have been exaggerated by earlier 
writers. According to Angel,* the explosion 
level is 10% of ClO in a gaseous mixture. 


Distilled water 
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When chlorine dioxide comes into contact 
with organic matter, however, even very 
low concentrations carry a risk of explosion. 
This fact should be kept in mind when the 
gas is used. 

For the animal experiments in this study 
chlorine dioxide was produced with the ap- 
paratus shown in Figure 1 and according to 
the following mode of reaction: 
(1) 
2NaCl+2Cl02 (2) 

Hydrochloric acid was run into a flask con- 
taining solid sodium chlorite (Equation 1). 
The chlorine gas formed and the chlorine di- 
oxide gas were led into a wash bottle con- 
taining sodium chlorite solution (Equation 2). 
The chlorine gas reacted with this solution to 
form chlorine dioxide. In the dissolving column 
the chlorine dioxide was then dissolved in 
distilled water according to the countercurrent 
principle. This method thus avoided the 
presence of chlorine gas, which is potentially 
important for measurements of chlorine dioxide 
concentration. 

Such determinations were made with the 
titrimetric procedure described by Giertz.® 
The iodometric principle may briefly be de- 
scribed as follows: 

A solution of potassium iodide is buffered 
with phosphate to pH 7.0, checked with litmus 
paper. ClO, reacts with KI in neutral solu- 
tion thus: 

Any Cle gas present reacts with the dissolved 
KI in the following manner, whether the solu- 
tion is neutral or acid: 

If the pH is somewhat alkaline, the chlorine 
may react by forming iodate, which distorts 
Cl, readings. 

Acid pH prevents this iodate formation but 
entails a risk that the chloric acid formed by 
the ClO, will have time to react. For further 
details of the method the reader is referred to 
Giertz.* 

In determining the content of ClO,, calcula- 
tion is first made of the content of I, at pH 
7.0. Titration is carried out with NasS,O; of 
suitable normality (0.1 or 0.01 N). The sample 
is then acidified, and after three minutes the 
following reaction is considered to be complete: 


The quantity of NasS:Os now required for 
titration is equivalent to four-fifths of the 
ClO, gas. As the KI solution is somewhat 
unstable, it is exposed as little as possible to 
light. 
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On the basis of the above reactions, Giertz°® 
evolved the following formulae for calculating 
Cl0:: 

Tn=amount of NazS.O; required at neutral 

pH. 

Ts=amount required at acid pH (i. e., in- 

cluding Tn). 
=normality of the NasS.O; solution. 
The amount of ,ClO. is thus 5/4 (Ts—Tn), 
and the amount of Cle is Ts 5/4(Ts—Tn). 
ClO: undergoes a change in valency of five, 
whereby its gram equiva- 


lent becomes 
grams of ClO, 


5+ (Ts—Tn)N - 67. 
(Ts 67.5 =>. (Ts—TnyN- 135. 


and the number of milli- 


67.5 
As 1 liter of C10, weighs 224 9m. 1 ppm cor- 


7. 
responds to 10°=0.003 mg/1. 


The pure solutions of ClOg used for the 
experiments on animals made measurement 
of chlorine concentration superfluous. In 
industrial premises, however, it may be nec- 
essary to distinguish between Cle and ClO». 
The above reaction should therefore be kept 
in mind. 


Animal Experiments 


The paucity of investigations of ClO2 
toxicity in animals seemed to warrant study 
of the effects of respiratory exposure to the 
gas. 

The apparatus used is illustrated in Figure 
2. Into the mixing vessel were led com- 
pressed air alone and ClOg gas via air bub- 
bled through a solution of ClO: After 
passing through the exposure chamber, the 
bottom of which was covered with blue gel, 
the air-ClO2 was allowed to escape either 
through a fume cupboard or, when the mix- 
ture was sampled, through a Peligot tube 
containing KI solution and via a drying 
tower through a gas meter. 

Four series of rats were exposed to ClOg 
gas in various concentrations and for vari- 
ous periods. 

The first series comprised six rats. Three 
of these were thrice exposed at weekly inter- 
vals to very high ClO: concentrations for 
three minutes. The other three rats acted 
as controls. The results are presented in 
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Table 1. The respective approximate con- 
centrations of ClO, were 3400, 1100, and 
800 ppm. Despite the short period of ex- 
‘posure the rats were clearly affected. Re- 
spiratory distress was conspicuous. The 
weight of the three exposed rats fell, while 
that of the three controls increased. 


TaBLe 1.—Weight of Rats Exposed to ClO; for 
Three Minutes at Weekly Intervals 


Mean Weight, Gm. 


Exposed on clo 
Day 7 Ppm Exposed Rats Controls 


1 3,435 268 247 
8 1,118 262 257 
16 760 242 269 


Histologic study showed small areas of 
recent bronchopneumonia and hyperemia of 
the renal corticomedullary junction in two 
of the exposed rats. The lungs and kidneys 
of the third exposed rat were normal. 

In all three control rats the lungs were 
healthy, but renal hyperemia was present in 
two. 

The four rats of the second series were 
exposed to about 260 ppm of ClO» for two 
hours. To maintain a fairly constant con- 
centration, the gas was changed every half 
hour. The readings were 265, 264, 266, 
and 245 ppm, respectively. 

The rats were severely affected. Ocular 
discharge and epistaxis were specially prom- 
inent. One rat died after about an hour’s 
exposure. The others were killed as soon as 
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exposure had ceased. The kidneys, liver, 
spleen, and lungs of all four rats were 
microscopically examined. Pulmonary ede- 
ma and circulatory engorgement were in- 
variably present. 

The third series consisted of 10 rats. Five 
were exposed daily for a mean period of 
four hours to about 10 ppm of ClO». The 
other five were used as controls. Table 2 
shows the concentration range of ClO, for 
each day. The urine was examined for 
protein, and the weight of the rats was 
charted. The exposed rats showed marked 
distress in the form of rhinorrhea and em- 
barrassed respiration. 


The number of positive urinary protein 
tests was not greater in the exposed rats 
than in the controls. The weight of the 
exposed rats, however, showed a mean re- 


TaBLe 2—Weight of -Rats Exposed to ClO; for 
About Four Hours Daily 


Dayof C10, Ppm Mean Weight, Gm. 


Exposure (Range) Exposed Rats —_ Controls if 
l 2.2— 4.7 287 
3 7.3—14.5 71 200 
4 8.6—11.4 273 291 
7 7.1-12.4 254 287 
8 9.5—13.8 248 287 
9 6.0—12.1 229 2R8 
221 
2.3— 6.6 217° 
13 8.9—10.3 213¢ 
14 201t 301 
*One rat died. $One rat killed. 
tT wo rats died. i Two rats killed. 
{Two rats died {Two rats killed. 
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Figure 3 


duction of about 80 gm., while that of the 
controls was largely unaltered. 

One rat died after 10 days’ exposure, and 
two died after a further day. The two re- 
maining rats died on the 13th day. 

The kidneys, liver, and lungs were ex- 
amined. In all the exposed rats microscopy 
showed changes resulting from respiratory 
infection with acute renal and hepatic con- 
gestion. Nothing of note was seen in the 
control rats. 

The fourth series also contained 10 rats. 
Five were exposed during about 10 weeks 
to approximately 0.1 ppm of ClO, for a 
mean daily period of 5 hours. The other 
five rats were controls (Fig. 3). 

During the period of exposure the rats 
were not noticeably affected. Nor did their 
weight curve differ from that of the controls. 

Histologic examination showed normal 
kidneys, liver, and lungs in the exposed rats. 
Respiratory infection was present in three 
of the control rats. 

The effect of the exposure procedure as 
such was investigated by exposing six rats 
to compressed air without ClO, for 5 hours 
daily during 10 days. The rats’ condition 
and weight remained unaffected (Table 3). 
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Histologic study of these six rats revealed 
purulent bronchitis in two. The lungs of 
the others were normal in appearance, and 
in no case was there renal hyperemia. 


Industrial Investigations 


As already mentioned, ClO¢ is increasing- 
ly being employed as an industrial bleaching 
agent. The risk of toxicity has thereby also 
increased. The exposure to ClOe in two 
large industrial plants was therefore inves- 
tigated. 

In a paper pulp works a total of 10 air 
samples was taken in the preparation de- 
partment and in the bleachery. The ap- 
paratus used is shown in Figure 4. Air was 
sucked through a wash bottle containing KI 
solution and was conducted via a drying 
tower to a gas meter. In 9 of the 10 samples 


TaBLe 3.—Weight of Rats Exposed to 
Compressed Air 


Weight, Gm. 


After 
Exposure 


Before 


Exposure Difference 


194 
214 
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the concentration of ClOs was less than 0.1 
ppm. These samples were, as a rule, col- 
lected over a period of about three hours, 
and the mean volume of air sucked through 
the KI solution was 2200 liters. The 10th 
sample contained 0.5 ppm of ClOs. This 
sample was taken after tapping of the tanks 
in which ClO» gas was converted to aqueous 
solution. Air was collected for 40 minutes. 
As the gas concentration must gradually have 
fallen during sampling time, the reading 
must be considered too low. This time could 
not be shortened, however, as the amount 
of ClOz reacting with the KI solution would 
then have been too small. 

The concentration of Cl. generally was 
less than 0.1 ppm. In the above-mentioned 
tapping procedure, however, the reading for 
this gas was 1.5 ppm. Finally, it was at- 
tempted by switching off certain ventilating 
fans to reproduce “disaster conditions.” The 
concentrations of ClO, and Clg then reg- 
istered were, respectively, 730 and 120 ppm. 
These conditions were intended to resemble 
the so-called “puffs” which occur from time 
to time when ClOs is employed on a large 
scale. 

In another large plant, a flax spinning 
mill, 25 samples of air were analyzed for 
ClOz and Cle. Here, too, the air was col- 
lected in the preparation department and 
in the bleachery. The ClO: content in all 
but five of the samples was less than 0.1 
ppm. In three of these five the reading 
was 0.2 ppm; in one, 0.1, and in the fifth, 
0.6 ppm. The Cle concentrations were also 
minimal—with one exception less than 0.5 
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Figure 4 


ppm. The highest reading of ClO, (0.6 
ppm) derived from a small test tank. On 
two occasions before this study men work- 
ing at the tank had developed symptoms 
which could be interpreted as acute ClO 
poisoning. After improvement of the work- 
ing conditions no further cases had occurred. 

The 11 men who had worked at the 
tank under the earlier conditions were ques- 
tioned concerning their reactions. Two had 
had no discomfort. The main symptoms re- 
ported by the other men were as follows. 
Eight had had cough and “bubbling” sounds 
in the chest. Five of these men had also 
had difficulty in breathing. Rhinorrhea had 
occurred in four men, and epistaxis in a 
fifth. Two reported headache and vomiting. 
The symptoms invariably subsided within a 
week, in most cases after two to three days. 

These men also stated that they could dis- 
tinguish between the effects of ClO2 and 
those of Clo. The latter commenced rapidly 
and subsided after a short time in the 
fresh air, while symptoms from ClOz per- 
sisted for several days. 


Comment 


The method used in this study for de- 
termining chlorine dioxide concentration 
was that evolved by Giertz.® The analyses 
were carried out according to personal in- 
structions from Giertz. The accuracy of the 
method is illustrated by the titrimetric tests 
made by Giertz on a mixture of Cle and 
ClOz in known proportions. The mean 
difference between the titrimetric estimation 
of ClOs and the amount in the mixture was 
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2% (range +0-—3.9). The correspond- 
ing figure for Cle was also 2% (range 
+9,9-—2.1). I made no further tests of 
the method as such, as the abeve figures 
show that the differences in the relevant gas 
concentrations were well demonstrable with 
Giertz’ technique. 

Rats were exposed to ClO, in various 
concentrations and for various periods. It 
was thereby shown that high concentrations 
produced marked effects even when given 
for a short time (three minutes or two 
hours). The rats’ respiration was distressed, 
and there was copious ocular and nasal 
secretion. Epistaxis was also seen. Ne- 
cropsy showed recent bronchopneumonia 
and pulmonary edema in the exposed rats. 
Circulatory disturbances of congestive type 
were frequently found. Two of the nine- 
teen control rats, however, also showed cir- 
culatory congestion. Five had respiratory 
infection. Repeated exposure to ClOe in 
high concentration (10 ppm) resulted in 
death of all the rats within 14 days. Dis- 
tressed breathing, increased secretion from 
the nose and eyes, and loss of weight oc- 
curred as in the other series of exposed 
rats. The histopathologic findings were uni- 
form—severe purulent bronchitis, dissemi- 
nated areas of recent bronchopneumonia, 
and acute renal and hepatic congestion. 

In rats repeatedly exposed to a much 
lower concentration of ClO, (0.1 ppm), no 
abnormal reaction was detected during life 
or at necropsy. There was no loss of 
weight. 

In two factories air was analyzed. The 
concentration of ClO2 in the great majority 
of the samples was less than 0.1 ppm. Only 
in special processes or under “disaster con- 
ditions” were higher concentrations regis- 
tered. The symptoms described by workers 
who in all probability had been exposed 
to ClOz in toxic concentrations tallied well 
with the findings in the exposed rats. Thus, 
there was respiratory distress with “bub- 
bling” breath sounds and increased secretion 
from the nose and eyes. 
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These experimental and industrial studies 
showed, therefore, that the main disorders 
resulting from exposure to ClO2 were diffi- 
culty in breathing and nasal and ocular 
discharge. Pulmonary edema and broncho- 
pneumonia were the most important ne- 
cropsy observations. 

In considering a maximum allowable con- 
centration for ClOs, the following facts 
are pertinent. 


Rats repeatedly exposed to about 10 ppm 
of the gas showed the above-mentioned re- 
actions and died after less than 14 days’ ex- 
posure. Repeated exposure to 0.1 ppm for 
about 10 weeks, on the other hand, produced 
no injurious effects in rats. 

In the industrial premises examined, the 
atmospheric concentration of ClO, seldom 
reached 0.1 ppm. Men exposed to this con- 
centration appeared to suffer no ill effects. 
The symptoms reported by men who oc- 
casionally had been exposed to higher ClO2 
concentrations, however, were in conformity 
with the observations in rats. 

These results indicate that 0.1 ppm at 
present is acceptable as a maximum allow- 
able concentration for A study of 
persons exposed to ClO2 would neverthe- 
less be of value. It would make for greater 
clarity in the choice of an M. A. C. based 
on experimental and clinical considerations. 


Summary 


Rats were exposed to chlorine dioxide 
gas in various concentrations and for various 
periods. Respiratory distress and increased 
secretion from the eyes and nose resulted. 
All the rats exposed daily to 10 ppm of 
ClO» died in less than 14 days. Purulent 
bronchitis and disseminated bronchopneu- 
monia were found at necropsy. No such 
changes were demonstrable in rats exposed 
to approximately 0.1 ppm for about 10 
weeks. 

Air samples from industrial premises 
very rarely contained more than 0.1 ppm 
of ClOs. Men exposed to this concentration 
were symptom-free. Toxic concentrations, 
however, in all probability had been reached 
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on two occasions. The symptoms in the 
affected men resembled the changes observed 
in rats exposed to the same gas and in- 
cluded respiratory distress, “bubbling” 
sounds in the chest, and increased nasal 
and ocular secretion. 

National Institute of Public Health. 
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Report of a Case of Exposure to High Ozone 
Concentrations for Two Hours 


S. SMITH GRISWOLD, A.M.; LESLIE A. CHAMBERS, Ph.D., and HURLEY L. MOTLEY, M.D., Los Angeles 


There is an almost complete lack of direct 
experimental data on the effects of ozone 
and of smog, in general, on respiratory 
function in man. A common belief has been 
that smog does not do much harm except 
to persons with respiratory ailments. The 
levels at which alerts are called by the Los 
Angeles Air Pollution Control District are 
based on the best evidence available for 
ozone, oxides of nitrogen, carbon monoxide, 
and sulfur dioxide. So far ozone has been 
the only pollutant that has reached the alert 
level. The question had been raised regard- 
ing setting the alert levels higher, including 
ozone. 

This is a report of the case of one of us 
(S. S. G.) who spent two hours in an out- 
door fumigation chamber exposed to ozone, 
2 ppm. The subject (S. S. G.) entered 
the approximately 500 cu. ft. Plexiglas-panel 
fumigation chamber at 3:50 p. m. and exited 
at 5:50 p. m., July 23, 1956. During the 
observation period air was drawn from the 
outside over a filtering system at such a rate 
that a complete atmospheric turnover oc- 
curred every 20 minutes. At the same time 
ozone was introduced continuously into the 
chamber. The ozone concentration was 
measured in two ways: by a Beckman In- 
strument Company continuous oxidant re- 
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corder (which utilizes a spectrographic KI 
method) and by the rubber-cracking method. 
The oxidant recorder was initially standard- 
ized with the KI method. This standardiza- 
tion was subsequently checked prior to and 
during the fumigation experiment with use 
of the KI method. Excellent agreement was 
discerned in these checks. The rubber-crack- 
ing tests were performed continuously 
throughout the experiment by an expert, and 
he reported excellent correlation between the 
oxidant recorder and the rubber-cracking re- 
sults. 


The chart of the oxidant recorder indi- 
cated that the subject had been subjected 
to an average of 1.5+0.3 ppm ozone during 
the first half hour of the experiment and to 
2.0+0.1 ppm during the remaining hour 
and a half of the test. It is interesting to 
note that, upon entrance of a human being 
into the chamber previously maintained at 
a constant ozone level, a significant drop in 
ozone concentration occurred until the sub- 
ject and his clothes became saturated with 
the pollutant. 

During the experiment the subject was 
provided with a chair upon which to sit, 
reading material, drinking water, and Coca- 
Cola. The latter beverage was reported not 
to have its usual taste. The chamber was 
shaded from direct sunlight; nevertheless, 
the temperature rose to an average of 90 F 
with a humidity of 80%. 

Subjectively, there was throat and mouth 
dryness, lessening of mental ability to con- 
centrate and absorb thought, substernal chest 
pains of a constrictive character, and con- 
tinual odor; however, there was a lack of 
eye irritation and nausea. 


| 

| 
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In describing the subjective sensations, the 
following was stated (by S. S. G.): 

There was a very marked effect in coordination 
and articulation and expression of oral thoughts 
during the last half hour and until retiring the 
evening of July 23. I also noted a tendency for 
my hands and feet to have the sensation of falling 
asleep. Pains in my chest, which lessened during 
the last half hour in the chamber and immediately 
upon leaving the chamber, returned later in the 
evening. There was a loss of appetite that even- 
ing, and the food did not taste as I felt it norm- 
ally should. I spent a most sleepless and 
uncomfortable night, though not to a point where 
I felt I needed medical assistance or consultation. 
After two or three days I developed a cough, 
which resulted in a clear mucus which came from 
fairly deep in my chest; the pains recurred period- 
ically but subsided after a couple of days. The 
coughing of this mucus continued for about two 
weeks, and I periodically felt either fairly well 
or poorly, but not to a point of feeling that I 
should leave work and go home. There was a 
definite feeling of extreme tiredness for about 
two weeks. This was evidenced by a very definite 
desire not to get up in the morning, which is 
somewhat unusual for me. As of the present 
time, I feel as I ordinarily do. During the im- 
mediate two weeks when coughing, I do not be- 
lieve that I had a cold in the normal sense. 

Spirogram recordings were made on the 
subject (S. S. G.) before entering the cham- 
ber, immediately after the 2-hour exposure 
to ozone, and 22 hours later on the following 


day. The spirogram recordings consisted of 


EXPOSURE TO HIGH OZONE CONCENTRATIONS 


rapid tracings (32 mm. spread in 12 sec- 
onds) of the total vital capacity, the three- 
second timed vital capacity, the shape of the 
exhalation curve after taking a deep breath, 
and the maximal breathing capacity. The 
apparatus used was the 13.5 liter Collins 
Respirometer designed to provide minimal 
breathing resistance for voluntary rapid deep 
breathing as required in obtaining the most 
satisfactory maximal breathing capacity 
measurement.! The measurements were ob- 
tained in the standing position with the 
subject using a mouthpiece and nose clip. 
The spirograms of total vital capacity were 
obtained by requesting the subject to take 
a deep breath and to blow the air out of 
the lungs as rapidly and completely as pos- 
sible, and the reverse of the above was also 
used. The largest volume of air which could 
be blown out during the first three seconds 
after the deepest possible inspiration was 
designated the three-second timed vital ca- 
pacity. The three-second timed vital capacity 
represents the physiological effective portion 
of the vital capacity, as this is the portion 
which can be used with a respiratory rate 
of 15 or more per minute (a rate of 15 per 
minute allows four seconds per breath, and, 
if one second is allowed to breathe in, only 
three seconds are available to breathe out). 


Comparison of spirograms before and after exposure to ozone. Time interval between 


vertical lines equals 12 seconds. 


22 HOURS AFTER EXPOSURE 
OZONE. 


Griswold et al. 


SPIRCORAM RECORDINGS ON RESPIROMETER. 

AFTER 2 HOUR EXPOSURE TO 

OZONE. 
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Measurements on Lung Volume on Griswold Before and After Exposure to Ozone 


July 23, 1956* 


July 23, 1956t July 24, 


Predicted Observed Normal 


Total vital capacity, standing, ml. 
Timed vital capacity, standing, 3 sec.. ml. 
Maximal breathing capacity, liters/min. 


Per Cent of 
Observed Normal 


Per Cent of 
Observed Normal 


Per Cent of 


105.2 
97.2 


123.5 77.4 


*Before exposure to ozone. 


tImmediately after two hours’ exposure to 2 ppm ozone in chamber. 


tT wenty-two hours after exposure to ozone. 


Taking tracings on a_ rapidly moving 
kymograph drum spreads the curve out so 
as to permit a study of the shape and for 
evidence of air trapping. The maximal 
breathing capacity (MBC) was obtained 
from tracings taken during voluntary max- 
imal deep and rapid breathing. Each MBC 
test measurement was of 12 seconds’ dura- 
tion followed by a rest interval. The rate 
and depth of breathing were varied on suc- 
cessive runs, and the highest value obtained 
was used as the MBC. Normal persons 
must breathe at a rate of 80 or more per 
minute to obtain the normal predicted value. 
The predicted MBC for men with this ap- 
paratus was calculated by the formula: MBC 


in liters per minute=(97—age/2) X BSA 
(sq. M.),' with a standard deviation of 13%. 
The measurements obtained from the 


spirograms. (Fig.) are presented in the 
Table. There was a 13% reduction in total 
vital capacity after the exposure to ozone, 
but after 22 hours this value was normal. 
There was a reduction in the timed vital 
capacity of 16.8% after exposure to ozone, 
and this measurement was still 7.0% lower 
than the original measurement after 22 
hours. There was only a very slight re- 
duction noted in the MBC immediately after 
exposure, and the measurement obtained 22 
hours later was the same as originally meas- 
ured. The spirogram tracings ( Fig.) reveal 
prolongation of exhalation immediately after 
the test exposure, and also after 22 hours 
there was slight evidence of air trapping 


(the failure of successive deep breaths to 
return to the first baseline, and the deep fast 
breathing was at a slightly higher baseline 
level). The changes noted on the spirograms 
represent significant changes and cannot be 
attributed to chance occurrence. The mod- 
erate reduction noted in the initial MBC 
observed may represent the presence of 
bronchospasm at the start of the test. Eval- 
uation of bronchospasm, was not done. 
Spirogram recordings were the only physio- 
logical tests that could be made at the site 
of the outdoor chamber. Many variable fac- 
tors existed at the time of the test which 
might have an important bearing on inter- 
pretation, such as temperature, humidity, 
and lack of filtration over activated charcoal 
of air entering the chamber for other possi- 
ble pollutants. 

In summary, the test indicates the need 
for further experiments on the effects of 
smog on human beings. Physiological tests 
are needed regarding the effects of the indi- 
vidual smog constituents and in combination 
in well-controlled chamber tests. Such in- 
formation should provide data so that the 
alert levels can be better set to protect the 
people. 

1212 Shatto St. (2) (Dr. Motley). 
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Ozone Toxicity and Substances Associated with Its 


Production 


JOSEPH L. SVIRBELY, Ph.D., and BERNARD E. SALTZMAN, M.S., Cincinnati 


Recently a great deal of research which 
has been focused on the role played by the 
oxides of nitrogen, as related to the problem 
of ozone toxicity, has resulted in several 
conflicting viewpoints. The influence of ni- 
trogen oxide impurities, or possibly other 
extraneous gases, on the toxicity of ozone 
prepared from different sources was deemed 
important by one investigator,':? whereas 
the toxicity of ozone per se at low con- 
centrations was stressed by another.* In a 
recent study of the influence of added nitro- 
gen dioxide on the toxicity of ozone,* it was 
claimed that the effects were additive and 
that the observed increase in toxicity of 
such a mixture could be explained by the 
nitrogen pentoxide present. 
chemical and toxicologic studies carried out 
in this laboratory,>* however, have not 
indicated that either nitrogen oxide impuri- 
ties in ozone as ordinarily produced or the 
total toxic effects of added nitrogen dioxide 
were important factors to be considered in 
the toxicity of ozone. 


Extensive 


Recent investigations have demonstrated 
ozone as an important component of Los 
Angeles smog‘ and as the chief hazard en- 
countered in the inert-gas-shielded arc-weld- 
ing process.**® Significant concentrations of 
ozone are generated by this new welding 
technique, in contrast to the minimal 
amounts formed in conventional are weld- 
ing, and three clinical cases of severe ozone 
intoxication have been extensively studied 
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in a plant using this new method without 
supplementary ventilation.'® 

A careful review of the literature! sug- 
gested that further experimental work was 
desirable to clarify some controversial is- 
sues involved in the toxicity of ozone. Some 
of the difficulties cited in this review, which 
may prove responsible for the differences 
in the present experimental conclusions, 
were the inadequate sampling and analysis 
procedures used by the different investi- 
gators, the varying conditions of humidity, 
or the presence of as yet undemonstrated 
free radicals of a highly toxic nature. 
Therefore, in the present investigation the 
toxicity of ozone for rats and mice was ap- 
praised for factors other than the negligible 
effects of nitrogen oxides, which might ac- 
count for the past discrepancies in ozone 
toxicity. 


Method 


Two dielectric-type room air ozonizers, 
differing in current density, were used for 
the bulk of these studies. They were modi- 
fied by enclosing the dielectric piates in a 
Lucite box. This alteration permitted the 
air flow to be measured and channeled as 
required. The primary voltages of the step- 
up transformers were accurately controlled 
by Variac autotransformers instead of the 


variable resistors originally provided for 


this purpose. Both ozonizers operated at 
about 8000 volts. 

One ozonizer, selected to represent the 
low-current-density type with a plastic 
dielectric, used eight pairs of plates covered 
with a phenol-formaldehyde resin with an 
effective area per plate of 58 by 60 mm. It 
had a current density of 6.54 amp/cm.?. The 
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other ozonizer, representing the high-cur- 
rent-density type, utilized four sheets of a 
mica dielectric enclosed with 42 by 65 mm. 
wire gauze electrodes. The current density 
of this mica-type model was about three 
times as great as that of the plastic-dielectric 
ozonizer when the area of the wire gauze 
was computed as if it were a solid plate, 
and it was, of course, even greater close 
to the wires. 

Chemical analyses of the output of the 
plastic-dielectric ozonizer under the usual 
operating conditions have been reported * to 
range from 700 to 1000 ppm of ozone by 
volume with 2% to 5% oxides of nitrogen. 
Analyses of the output of the mica-type 
ozonizer showed about 350 to 500 ppm of 
ozone with 4% to 8% oxides of nitrogen. 
These analyses compare favorably with 
other studies which have been reported * for 
ozonizers operating by silent electrical dis- 
charges on air dried to a relative humidity 
of 10%. 

Different of ozone-air 
mixtures (by volume) were prepared by 
diluting metered amounts of ozone, usually 


concentrations 


generated by passing 3 liters of air a minute 
through the ozonizer, with measured 
amounts of compressed air. Unless other- 
wise specified, the air and other gases used 
for the mixtures were scrubbed by passage 
through a fritted bubbler containing potas- 
sium dichromate in concentrated sulfuric 
acid, followed by a layer of Pyrex glass 
wool and a column of silica gel. There was 
no appreciable amount of any sulfuric acid- 
dichromate aerosol mist formed in the 
scrubbing process, as indicated by negative 
results in tests for acidity and for chro- 
mium. Minimal lengths of Tygon tubing 
were used at all connections for the ozone- 
air mixtures, and all the neoprene stoppers 
used at the inlets and outlets of the appa- 
ratus were painted several times with a 
commercial plastic coating. 

Construction of the glass exposure 
chamber with a capacity of about 18.5 liters 
(Fig. 1) was modified from that used else- 
where !* for direct application to air-pollu- 
tion studies. These modifications facilitated 
the introduction of gas mixtures and pro- 
vided for sampling at the inlet and outlet 


1.—Glass inhalation exposure apparatus. 
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tubes of the chamber and for passing the 
chamber exhaust gases freely into a hood. 
No condensation of moisture was noted on 
the walls of the chamber even when the 
animals were present. 

In pilot studies without animals, assay 
values for concentrations of ozone in the 
exposure chamber sampled at the outlet 
were about 8% lower than values at the 
inlet, whether one air change a minute or 
one air change in four minutes was passed 
into the chamber. With animals present, 
the ozone concentration in the chamber was 
24% lower than at the inlet if one air 
change a minute was used and 79% lower 
if one air change in four minutes was em- 
ployed. As a result of this preliminary 
study all subsequent inhalation exposures 
used approximately 20 liters of air a minute 
for dilution of the ozone-air mixtures, re- 
sulting in one air change a minute in the 
exposure chamber. This adjustment pro- 
vided reasonable agreement in analytic 
values for ozone in inlet and outlet air. The 
discrepancies between the inlet and outlet 
concentrations represented the ozone con- 
sumed or catalytically destroyed by the 
animals, both internally and by their hair 
and moisture, 

Ozone determinations were made rou- 
tinely with use of a modification ™ of the 
method of Smith and Diamond.'* The 
method as modified, as well as the original 
method, employed alkaline potassium iodide. 
This reagent was compared with the much 
stronger phosphate-buffered iodide (neu- 
tral) reagent used in air-pollution studies.’ 
Average ratios for ozone concentrations in 
successive samples determined by the alka- 
line and neutral iodide methods were 0.49 
for the plastic-type ozonizer and 0.53 for 
the mica type. The discrepancy in analytical 
procedures suggests that additional determi- 
nations should be made in order to obtain 
a reliable method for estimating ozone con- 
centrations in air-pollution studies. If a 
method for ozone analysis other than the 
modified alkaline potassium iodide method 


is found to be more reliable, a correction 
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factor will have to be applied to ozone con- 
centrations used in calculating the L. D.50 
values reported in this paper. (Note adden- 
dum. ) 

In addition to ozone analyses, occasional 
samples of the diluted ozone-air mixtures 
from both types of ozonizers were analyzed 
chemically dioxide,"® total 
oxides of nitrogen,’? and hydrogen perox- 
ide.'* Concentrations of nitrogen dioxide 
and hydrogen peroxide in the animal ex- 
posure atmospheres were found to be 
negligible, and the levels of total oxides of 
nitrogen were below the reliable range of 
the phenoldisulfonic acid method. 

The L. D.s9 was calculated by the method 
of Thompson and Weil,’® which utilizes 
moving averages and interpolation to esti- 
mate the median effective dose which is 
identical with the Bliss L. D.59. These 
values calculated for the 24-hour 
period starting from the beginning of the 
exposure (of 4-hour duration), because the 
lethal effect of the ozone was usually mani- 
fest during this period. 

The direct mass spectrometric analyses 
of the products of the two ozonizers used 
in the toxicity studies were made in a mass 
spectrometer specially constructed for the 
measurement of reactive 
free radicals. 


for nitrogen 


were 


substances and 


Toxicity of Ozone 


Male adult Wistar-derived rats and 
Swiss-derived mice, obtained from a com- 
mercial breeder and maintained in_ this 
laboratory for several weeks on a ration 
of Rockland Rat Diet, were used in the 
inhalation studies. The basic diet and water 
were available to the animals at all times 
except when the exposures were in prog- 
ress. 

Routinely 10 mice and 5 rats were ex- 
posed simultaneously for a single four-hour 
period to varying concentrations of ozone- 
air mixtures in the chamber described in 
the preceding section. Hamsters were ex- 
posed in one study with the mice and rats 
but were not considered to be sensitive test 
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L. Dio (Twenty-four Hours) for Rodents Following a Four-Hour Exposure to 
Ozone Generated with Room Air Ozonizers 


Gas Used to Mean 
Prepare Weight, 
Ozone Gm. 


L.D. +0 
(24 Hr.), 
Ppm 


Mean L.D. 50 
Weight, (24 Hr.), Range, 
Gm. Ppm 


Ppm 


Plastic-type Ozonizer 


Scrubbed air 

Tank oxygen 

Tank oxygen and nitrogen 

Serubbed air 

Scrubbed air—furnace 
treated 


Plastic-type Ozonizer 


215 
22n 
195 
220 
230 


Hamsters 


8/55 Scrubbed air 


Mica-type Ozonizer 


10.5 


9.1 to 12.1 


8/55 Scrubbed air 


9/55 Tank oxygen 
Tank oxygen and 
nitrogen 
Unscrubbed air 
Scrubbed air 


Scrubbed air—O ; azed 
20-30 min. 


No range 
calculable 
4.3 to 8.3 


1.2 to 1.7 
3.8 to 6.4 
2.7 to 3.5 
3.9 to 7.4 
3.3 to 13.1 
4.6 to 8.5 


2.5 to 4.3 
2.9 to 5.7 
4.0 to 9.5 
5.3 to 12.6 


animals for subsequent exposures, since they 
appeared to be about twice as resistant to 
the toxic effects of ozone as the rats or 
mice. 

A comparison of the L. D.s59 values ob- 
tained in these studies for three species of 


OZONE PPM 


| 


rodents with ozone-air mixtures prepared 
under a variety of circumstances is’ pre- 
sented in the Table and graphically dis- 
played in Figure 2. The data indicate that 
the apparent toxicity of ozone was not al- 
tered by either the type of ozonizer em- 


LEGEND: 


PLASTIC DIELECTRIC 
OZONIZER 


MICA DIELECTRIC 


OZONIZERS 

Al,2,3,4 SCRUBBED AIR 
( DICHROMATE - 
SULFURIC ACID) 8/55, 
\/96, 2/56, 12/55, RESP 


TANK 02, 10/55. 

TANK GAS "MIXTURE 

O, 20%, 80%, 10/55. 
UNSCRUBBED AIR, 1/56. 
SCRUBBED AIR - 


OZONE AGED 20-30 
MINUTES, 2/56. 


SCRUBBED AIR, HEATED 
IN COMBUSTION 
FURNACE, 3/56, 


8 


FIG. 2 - OZONE TOXICITY~ LD«q (24 HRS) 
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Rats Mice 
= 8/55 4.8 3.6 to 6.4 3.8 3.6 to 4.1 
i 10/55 5.1 3.4 to 7.6 2.6 2.2 to 3.2 
ict 10/55 5.0 3.9 to 6.5 4.2 2.6 to 6.6 
as 2/56 8.2 7.0 to 9.5 5.9 5.0 to 6.9 
ie) S 3/56 6.9 6.1 to 7.9 6.2 5.5 to 7.0 
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ployed or the gas used to generate the ozone. 
Ozone prepared from scrubbed tank oxygen 
appeared to be as toxic as that prepared 
from scrubbed or unscrubbed compressed 
air, from a synthetic air mixture of tank 
oxygen (20%) and water-pumped nitrogen 
(80%), or from scrubbed air which had 
been further purified by passage through an 
electric combustion furnace followed, suc- 
cessively, by columns of Drierite, magne- 
sium perchlorate, and Ascarite. Ozone 
generated from scrubbed air and aged for 
20 to 30 minutes in a 10 liter bottle appeared 
to be as toxic as freshly prepared ozone. 

Other effects of ozone toxicity, in addi- 
tion to mortality, appeared to vary with 
the concentrations employed. At low con- 
centrations signs of respiratory distress and 
transient convulsive seizures were fre- 
quently noted during or shortly after the 
inhalation period. When the concentrations 
approached the L. D.59, the majority of the 
animals exhibited dyspnea, became coma- 
tose, and died within the 24-hour period 
from the start of the exposure. In the ab- 
sence of convulsive seizures, some rats 
shortly after death showed a slight cloudi- 
ness or a complete opacity of the cornea 
at relatively high concentrations of ozone, 
while mice exhibited these features more 
consistently under the same conditions. 

Postmortem examination usually showed 
pulmonary edema, hemorrhagic lungs, con- 
gested livers, and frequent occurrence of 
slight to markedly darkened adrenals. The 
degree of these pathologic changes depended 
on the concentration of ozone and the dura- 
tion of survival. Histopathologic examina- 
tion of the organs is in progress and will 
be reported at a later date. 

It was generally observed in this investi- 
gation that the signs of intoxication in 
ozone-treated animals were severer during 
periods of high summer temperature. The 
average chamber temperature was between 
24 and 27 C, but it went as high as 31 C in 
the summer months. 

The toxic effects of ozone appeared to be 
more pronounced in these exposures than 
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in those reported elsewhere* in which the 
L. C.so (lethal concentration) for ozone 
generated from oxygen was estimated to be 
around 10 to 12 ppm by volume. 

An unexpected finding in the course of 
these studies was that rats and mice which 
had survived a single four-hour exposure 
to concentrations of ozone around 2, 3, or 
7 ppm, respectively, developed a tolerance 
to ozone when reexposed two or four and 
one-half weeks later to about double these 
concentrations. Of five mice exposed for 
the first time at 10.4 ppm, five died within 
24 hours, whereas mice previously exposed 
to 2, 3, or 7 ppm and reexposed 2 weeks 
later to 10.4 ppm did not die within the 
usual 24-hour period. This observed toler- 
ance decreased when four and one-half 
weeks elapsed between the exposures. No 
gross hemorrhagic areas or edema were 
noted in the lungs of the animals killed 
immediately after, or within the 24-hour 
period after, the second exposure, even 
though these changes were characteristic of 
animals exposed to ozone for the first time. 
Both the preexposed animals and those not 
previously exposed exhibited the respiratory 
distress and dyspnea previously mentioned. 
A more extensive report on the nature of 
these observations is forthcoming. 

Other studies carried out in this labora- 
tory *° have likewise demonstrated that a 
marked tolerance to ozone may be developed 
in rats given one six-hour exposure at 1 
ppm. These rats when placed in an activity 
cage during subsequent exposure periods 
survived the combined ozone exposure plus 
the physical stress to a much greater extent 
than the rats not previously exposed. A 
report from another laboratory‘ indicates 
that rats showed no effects due to repeated 
4-hour exposures to 2.5 ppm of ozone for 
8 days and only a slight respiratory distress 
after repeated exposures to 4.5 ppm for 
19 days. 


Analysis of Compressed Air Used for 
Ozone Toxicity Studies 

Tests have been made to ascertain the 

purity of the compressed air used in this 
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laboratory for toxicologic studies. Shis was 
done in view of the possible toxic reaction 
products between ozone and traces of or- 
ganic impurities in the compressed air that 
might seriously affect the toxic responses 
at the low levels being studied. A series of 
freeze-out samples were collected by pass- 
ing 1000 liters of air at the rate of 10 liters 
per minute through a trap immersed in 
liquid nitrogen (at 14 to 15 cm. Hg vacuum 
to minimize condensation of liquid oxygen). 
At the end of the run the trap was evacu- 
ated to about 62 cm. Hg while immersed in 
liquid nitrogen to boil off the condensed 
oxygen. Two milliliters of water-washed 
carbon tetrachloride was then injected, and 
the trap was thawed out. The trap was re- 
peatedly rotated to wash down the sides; 
the carbon tetrachloride solution was trans- 
ferred to a 2 mm. sealed liquid cell, and 
infrared absorption spectrograms were 
prepared with a Perkin-Elmer Model 21 
Spectrophotometer, using a second 2 mm. 
cell containing the solvent in the reference 


beam. 


No impurities were detected in the 
scrubbed air (the air had beem scrubbed by 
passage through dichromate-sulfuric acid 
mixture followed by a column of soda lime- 
silica gel and a column of Drierite). In the 
unscrubbed air about 0.3 mg. of oil per 1000 
liters of air, or about 0.03 ppm, was de- 
tected. This calculation is based om com- 
parison with the C-H absorption band at 
3.4 provided by SAE-20 motor oil (used 
in the air compressor) in carbon tetrachlo- 
ride. The sensitivity of the method was 
estimated te be equivalent to 0.1 mg, of oil 
per 1000 liters of air, or 0.01 ppm. 


Although no oil had been detected in the 
freeze-out samples of scrubbed air, the 
question of trace quantities of oil affecting 
ozone generation remained to be resolved. 
Therefore, the effect of adding oil to the 
ozonizer air supply by bubbling 3 liters of 
purified air per minute through 15 ml. of 
SAE-20 motor oil compared with 
scrubbed air customarily used to prepare 
ozone. Analyses by the modified alkaline po- 
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tassium iodide method for ozone generated 
by the plastic-dielectric-type ozonizer under 
the above conditions were 6.4 ppm (6.1— 
6.7 ppm) and 6.1 ppm (35.8—6.3 ppm), re- 
spectively. 

The results of these tests indicated that 
scrubbed compressed air used for the tox- 
icity studies contained amounts of organic 
impurities too low to be of any recognizable 
significance. 


Mass Spectrometric Analyses of 
Ozonizer Products 


In an effort to clarify the causes of ob- 
served and reported variations in ozone 
toxicity, a direct mass spectrometric analy- 
sis of the products of the two ozonizers 
used in the imhalation studies, both with 
tank compressed air and with pure oxy- 
gen, was also obtained in another labora- 
tory, with special reference to unstable and 
reactive substances. The mass spectrometer 
employed had been specially constructed for 
the measurement of reactive compounds and 
free radicals which are generally destroyed 
in an ordinary mass spectrometer. Mass 
numbers up to 130 were surveyed. 

The sensitivity of the instrument was 
estimated at 1 to 10 ppm, except where re- 
duced by high isotopic background (for 
H2O2 at 200 ppm because of the O01 
background and for HOs at 50 ppm be- 
cause of the OygO17 background). Neither 
of these nor OH, HOs, Oxy, etc., could be 
detected in the samples within the sensi- 
tivity of the instrument to 
stances. 


these sub- 

Only ozone at levels ranging from 600 to 
3000 ppm and oxides of nitrogen (from 
3.4% to 10.2% of the ozone) were obtained 
from the two ozonizers under various op- 
erating voltages and air flows, without and 
with added water vapor (2.5% by volume). 
With the added water vapor, the values for 
ozone and oxides of nitrogen decreased to 
59% of the values obtained with dried air. 
Ozone alone was detected when pure oxy- 
gen was passed through the ozonizers. The 
concentration of ozone determined by mass 
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spectrometric analysis agreed within rea- 
sonable limits with that determined by the 
modified alkaline potassium iodide method 
of analysis routinely used in this laboratory. 


Comment 


In this study of the effect of ozone on 
rats and mice, emphasis has been placed on 
the extremely toxic nature of ozone itself. 
For this reason two types of ozonizers with 
different sources for the production of 
ozone were employed, while at the same 
time the nature and amounts of accompany- 
ing impurities were analyzed. Special ref- 
erence was paid to unstable and reactive 
compounds, since previous studies from this 
laboratory had indicated that nitrogen oxide 
impurities in ozone as ordinarily produced 
were not important factors in the toxicity 
of ozone itself. The data obtained in these 
inhalation studies, moreover, failed to fur- 
nish evidence that free radicals or con- 
taminants, which might have been formed 
during or after the generation of ozone, in- 
fluenced the toxicity of ozone itself. Pure 
ozone prepared by passing oxygen through 
the two ozonizers appeared to have the same 
toxicity as ozone generated from com- 
pressed air or a synthetic air mixture of 
tank oxygen and tank nitrogen. This toxic- 
ity of ozone itself has recently been con- 
firmed by Mittler et al." 

Mass spectrometric analysis of the prod- 
ucts of the two ozonizers likewise failed to 
reveal significant amounts of free radicals 
when tank compressed aif or pure oxygen 
was used to generate the ozone. Owing to 
the relative lack of sensitivity of the in- 
strument, however, the possibility of free 
radicals and/or H2O2 has not been ruled 
out. Such impurities may be minor ones in 
the undiluted ozone but may become much 
more important as reaction rates and equi- 
libria are shifted when the ozone is diluted. 
Because no evidence of oxides of nitrogen 
was shown by mass spectrometric analysis 
of ozone generated from pure oxygen, and 
the acute toxicity of ozone generated under 
a variety of conditions was in the same 
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general range, it appears that the oxides of 
nitrogen do not contribute significantly to 
the toxic effects of ozone as generated by 
silent-discharge-type ozonizers. This ab- 
sence of the influence of nitrogen oxides on 
the highly injurious nature of ozone is also 
shown by the pulmonary involvement re- 
ported in inert-gas-shielded arc welders ex- 
posed to relatively low concentrations of 
ozone (about 9 ppm). 

The finding of marked tolerance in rats 
and mice with repeated exposures to ozone, 
even with intervals of nonexposure, and the 
absence of gross hemorrhagic areas in the 
lungs of these animals suggest that the 
problem of ozone toxicity is much more 
complex than has been previously assumed. 


Summary 


The data obtained from acute inhalation 
studies indicate that ozone per se is a highly 
toxic substance to rats, mice, and hamsters. 
The ozone used in these exposures was 
generated from various gas mixtures and 
with two different ozonizers varying in 
current density. Infrared analysis of the 
scrubbed compressed air used for the toxic- 
ity studies indicated that no traces of or- 
ganic impurities could be detected. Tests 
for possible ozone contaminants, such as 
oxides of nitrogen, hydrogen peroxide, and 
free radicals (HO2, OH, HOs, Oy, etc.), in 
a specially constructed mass spectrorneter 
failed to reveal significant amounts of these 
substances, and, consequently, it is improb- 
able that they affect the toxicity of ozone in 
laboratory animals. 

The injurious effects of ozone appear to 
be lessened by a previous exposure to re- 
latively low concentrations of ozone for a 
short period. This tolerance was apparent 
for at least four and one-half weeks after 
exposure. 

Dr. S. N. Foner and Dr. R. L. Hudson, Applied 
Physics Laboratory, The Johns Hopkins Uni- 
versity, Silver Spring, Md., rendered technical 
assistance in carrying out the analyses in their 
mass spectrometer. 

Dr. J. Dolphin and Mr. T. Stanley, Robert A. 
Taft Sanitary Engineering Center, Cincinnati, as- 


117 


i 


A. M, A. ARCHIVES OF INDUSTRIAL HEALTH 


laboratory for toxicologic studies. This was 
done in view of the possible toxic reaction 
products between ozone and traces of or- 
ganic impurities in the compressed air that 
might seriously affect the toxic responses 
at the low levels being studied. A series of 
freeze-out samples were collected by pass- 
ing 1000 liters of air at the rate of 10 liters 
per minute through a trap immersed in 
liquid nitrogen (at 14 to 15 em. Hg vacuum 
to minimize condensation of liquid oxygen). 
At the end of the run the trap was evacu- 
ated to about 62 cm. Hg while immersed in 
liquid nitrogen to boil off the condensed 
oxygen. Two milliliters of water-washed 
carbon tetrachloride was then injected, and 
the trap was thawed out. The trap was re- 
peatedly rotated to wash down the sides; 
the carbon tetrachloride solution was trans- 
ferred to a 2 mm. sealed liquid cell, and 
infrared absorption spectrograms were 
prepared with a Perkin-Elmer Model 21 
Spectrophotometer, using a second 2 mm. 
cell containing the solvent in the reference 


beam. 


No impurities were detected in the 
scrubbed air (the air had been scrubbed by 
passage through dichromate-sulfuric acid 
mixture followed by a column of soda lime- 
silica gel and a column of Drierite). In the 
unscrubbed air about 0.3 mg. of oil per 1000 
liters of air, or about 0.03 ppm, was de- 
tected. This calculation is based on com- 
parison with the C-H absorption band at 
3.44 provided by SAE-20 motor oil (used 
in the air compressor) in carbon tetrachlo- 
ride. The sensitivity of the method was 
estimated to be equivalent to 0.1 mg. of oil 
per 1000 liters of air, or 0.01 ppm. 


Although no oil had been detected in the 
freeze-out samples of scrubbed air, the 
question of trace quantities of oil affecting 
ozone generation remained to be resolved. 
Therefore, the effect of adding oil to the 
ozonizer air supply by bubbling 3 liters of 
purified air per minute through 15 ml. of 
SAE-20 motor oil was compared with 
scrubbed air customarily used to prepare 
ozone. Analyses by the modified alkaline po- 
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tassium iodide method for ozone generated 
by the plastic-dielectric-type ozonizer under 
the above conditions were 6.4 ppm (6.1— 
6.7 ppm) and 6.1 ppm (5.8—6.3 ppm), re- 
spectively. 

The results of these tests indicated that 
scrubbed compressed air used for the tox- 
icity studies contained amounts of organic 
impurities too low to be of any recognizable 
significance. 


Mass Spectrometric Analyses of 
Ozonizer Products 


In an effort to clarify the causes of ob- 
served and reported variations in ozone 
toxicity, a direct mass spectrometric analy- 
sis of the products of the two ozonizers 
used in the inhalation studies, both with 
tank compressed air and with pure oxy- 
gen, was also obtained in another labora- 
tory, with special reference to unstable and 
reactive substances. The mass spectrometer 
employed had been specially constructed for 
the measurement of reactive compounds and 


free radicals which are generally destroyed 


in an ordinary mass spectrometer. Mass 
numbers up to 130 were surveyed. 

The sensitivity of the instrument was 
estimated at 1 to 10 ppm, except where re- 
duced by high isotopic background (for 
at 200 ppm because of the 
background and for HO at 50 ppm be- 
cause of the OygQ17 background). Neither 
of these nor OH, HOs, O,, etc., could be 
detected in the samples within the sensi- 
tivity of the instrument to these sub- 
stances. 

Only ozone at levels ranging from 600 to 
3000 ppm and oxides of nitrogen (from 
3.4% to 10.2% of the ozone) were obtained 
from the two ozonizers under various op- 
erating voltages and air flows, without and 
with added water vapor (2.5% by volume). 
With the added water vapor, the values for 
ozone and oxides of nitrogen decreased to 
59% of the values obtained with dried air. 
Ozone alone was detected when pure oxy- 
gen was passed through the ozonizers. The 
concentration of ozone determined by mass 
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spectrometric analysis agreed within rea- 
sonable limits with that determined by the 
modified alkaline potassium iodide method 
of analysis routinely used in this laboratory. 


Comment 


In this study of the effect of ozone on 
rats and mice, emphasis has been placed on 
the extremely toxic nature of ozone itself. 
For this reason two types of ozonizers with 
different sources for the production of 
ozone were employed, while at the same 
time the nature and amounts of accompany- 
ing impurities were analyzed. Special ref- 
erence was paid to unstable and reactive 
compounds, since previous studies from this 
laboratory had indicated that nitrogen oxide 
impurities in ozone as ordinarily produced 
were not important factors in the toxicity 
of ozone itself. The data obtained in these 
inhalation studies, moreover, failed to fur- 
nish evidence that free radicals or con- 
taminants, which might have been formed 
during or after the generation of ozone, in- 
fluenced the toxicity of ozone itself. Pure 
ozone prepared by passing oxygen through 
the two ozonizers appeared to have the same 
toxicity as ozone generated from com- 
pressed air or a synthetic air mixture of 
tank oxygen and tank nitrogen. This toxic- 
ity of ozone itself has recently been con- 
firmed by Mittler et al." 

Mass spectrometric analysis of the prod- 
ucts of the two ozonizers likewise failed to 
reveal significant amounts of free radicals 
when tank compressed aif or pure oxygen 
was used to generate the ozone. Owing to 
the relative lack of sensitivity of the in- 
strument, however, the possibility of free 
radicals and/or H2Oz2 has not been ruled 
out. Such impurities may be minor ones in 
the undiluted ozone but may become much 
more important as reaction rates and equi- 
libria are shifted when the ozone is diluted. 
Because no evidence of oxides of nitrogen 
was shown by mass spectrometric analysis 
of ozone generated from pure oxygen, and 
the acute toxicity of ozone generated under 
a variety of conditions was in the same 


Svirbely—Saltzman 


general range, it appears that the oxides of 
nitrogen do not contribute significantly to 
the toxic effects of ozone as generated by 
silent-discharge-type ozonizers. This ab- 
sence of the influence of nitrogen oxides on 
the highly injurious nature of ozone is also 
shown by the pulmonary involvement re- 
ported in inert-gas-shielded arc welders ex- 
posed to relatively low concentrations of 
ozone (about 9 ppm). 

The finding of marked tolerance in rats 
and mice with repeated exposures to ozone, 
even with intervals of nonexposure, and the 
absence of gross hemorrhagic areas in the 
lungs of these animals suggest that the 
problem of ozone toxicity is much more 
complex than has been previously assumed. 


Summary 


The data obtained from acute inhalation 
studies indicate that ozone per se is a highly 
toxic substance to rats, mice, and hamsters. 
The czone used in these exposures was 
generated from various gas mixtures and 
with two different ozonizers varying in 
current density. Infrared analysis of the 
scrubbed compressed air used for the toxic- 
ity studies indicated that no traces of or- 
ganic impurities could be detected. Tests 
for possible ozone contaminants, such as 
oxides of nitrogen, hydrogen peroxide, and 
free radicals (HO2, OH, HOs, O,, etc.), in 
a specially constructed mass spectrometer 
failed to reveal significant amounts of these 
substances, and, consequently, it is improb- 
able that they affect the toxicity of ozone in 
laboratory animals. 

The injurious effects of ozone appear to 
be lessened by a previous exposure to re- 
latively low concentrations of ozone for a 
short period. This tolerance was apparent 
for at least four and one-half weeks after 
exposure. 


Dr. S. N. Foner and Dr. R. L. Hudson, Applied 
Physics Laboratory, The Johns Hopkins Uni- 
versity, Silver Spring, Md., rendered technical 
assistance in carrying out the analyses in their 
mass spectrometer. 

Dr. J. Dolphin and Mr. T. Stanley, Robert A. 
Taft Sanitary Engineering Center, Cincinnati, as- 
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sisted with the freeze-out sampling procedures, 
and Mr. R. G. Keenan of this laboratory made 
the infrared analysis of the compressed air. 

In addition, Dr. H. E. Stokinger offered sug- 
gestions during the course of the studies and re- 
viewed the paper. 


1014 Broadway (2) 


Addendum 


Recently reported analytic work™ indicated that 
the values for ppm of ozone given in this paper 
should be increased by a factor of 1.5. This cor- 
rection was necessary, since there appeared to be 
a deviation in the stoichiometry of the alkaline 
iodide procedure at low concentrations of ozone 
used in this study. Both the corrected alkaline 
iodide method and the neutral iodide method were 
thereby brought into approximate agreement. A 
satisfactory neutral reagent was found to be 1% 
KI in 0.1 M NasHPO, and 0.1 M KH:PO,. 
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Effect of Particle Size and Wind Speed on Nasal 
Penetration of Wind-Borne Particles 


Observations on Experimental Animals 


GABRIELLE ASSET, M.A., Army Chemical Center, Md. 


Introduction 


Various species of animals are used for 
the study of inhalation toxicity of particu- 
late matter. In order to evaluate the results 
of such studies, it is necessary to define the 
effects of physical factors on the penetration 
of the nasal passages. C. N. Davies? has 
shown the effects of particle size on the 
filtering action of the noses of living anes- 
thetized rabbits exposed to droplets of oil. 
G. Worth and E. Schiller ? have reported on 
the filtering action of the noses of living 
anesthetized rabbits and dogs exposed to 
stone dust. In a previous paper L. E. Gong- 
wer, S. Ryan, and I* described the effect 
of species difference and wind direction on 
the nasal penetration of small (1.34) par- 
ticles. The present report deals with the 
- effect of wind speed and particle size on 
nasal penetration of wind-borne particles in 
dogs. 


Procedure 


General Procedure——Heads of freshly 
killed dogs were exposed inside a wind tun- 
nel one at a time to a uniform flow of 
aerosols of triphenyl phosphate (density, 1.2 
gm/cm.*), During exposure the aerosol was 
drawn through the nasal passages at a steady 
rate of flow, and the effluent aerosol leaving 
the nasal passage was collected on filter 
paper in a sampler securely attached to the 
trachea. To determine the amount of influent 
aerosol flowing into the nostrils, a special 
sampler shaped like a dog’s head was ex- 

Received for publication Nov. 20, 1956. 


Aerosol Branch, Chemical Warfare Labora- 
tories. 


posed in the wind tunnel, and the aerosol 
was drawn in at the same steady rate for the 
same length of time. The ratio of the con- 
centration of the effluent aerosol to that of 
the influent aerosol was defined as the nasal 
penetration. Penetration was studied under 
three conditions of exposure: particles of 
MMD (medium mass diameter) of 1.3u 
moving at the rate of 2.5 mph; particles of 
MMD of 7.6u moving at 2.5 mph, and 
particles of MMD of 7.6» moving at 10 
mph. 

Equipment.—Figure 1 is a_ schematic 
drawing showing the arrangement of the 
equipment. The aerosol generated by two 
smoke generators (A) entered a wind tunnel 
at ports (B) near the entry cone. The ex- 
posures of the head (D) took place in the 
working section where the velocity was uni- 
form over an area of 9% in. square, and 
the aerosol concentration was reasonably 
uniform. Actually the readings of the ve- 
locity on a Hastings Precision Airmeter (C) 
were constant at 2.5 mph and 19 mph. A 
survey of the aerosol concentrations was 
made at eight different stations. The ratio 
of the concentration at any one station to 
that at the center of the tunnel was 1.00+ 
0.06 (standard deviation). Particle size was 
measured by means of a cascade impactor in 
the working section where exposures took 
place. The smoke generators were so ad- 
justed as to produce an aerosol of small 
particles of MMD of 1.3p, with 84% of the 
mass of particles below 1.7 and 95% below 
2.34, or to produce an aerosol of larger 
particles of MMD of 7.6n, with 84% of the 
mass below ll» and 95% below 13y. Tri- 
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phenyl phosphate was chosen as the material 
for dispersion, because it produces a smoke 
of spherical particles which are nonhygro- 
scopic. A chemical method for the deter- 
mination of small amounts of the material 
has been developed in these Laboratories.* 
Three micrograms of triphenyl phosphate 
was represented by one scale division on a 
Klett-Summerson Colorimeter, 

Special Sampler.—A special sampler (Fig. 
2) was made to determine the concentration 
of the influent aerosol flowing into the nos- 
trils of the animal head. It was questionable 
whether sampling the aerosol in the free 
stream of the tunnel by usual methods would 
permit a valid determination of the concen- 
tration of the aerosol entering the nares, 
especially of the particles as large as 7.6p 


moving as fast as 10 mph. The sampler was 
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a cast made from a dog’s head, the same 
shape and approximately the same size as 
the heads of the dogs (fox-terrier type of 
mongrel) chosen for the experiment. The 
interior was drilled and machined, permit- 
ting the use of filter paper to collect the 
aerosol which flowed through the nostril 
orifices, 

Exposure. — During exposure the dead 
animal head, to which a cylindrical sampler 
(E in Fig. 1) holding filter paper had been 
attached, was mounted upside down and 
facing upstream in the wind tunnel. After 
the connection between head and sampler had 
been tested for leaks, and the aerosol con- 
centration and wind velocity in the tunnel 
had reached equilibrium, the aerosol was 
drawn through the nasal passages at the rate 
of 6 liters per minute for 20 minutes. This 


flow represented the average flow during one 
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inspiration of a living animal breathing nor- 
mally at a minute volume of 3 liters; it also 
ensured at the nostrils the same average 
intake velocity as that of a normally breath- 
ing animal. 

Immediately after the removal of the 
natural head the specially made dog-head 
sampler was substituted in the wind tunnel. 
After flow and concentration equilibrium 
had been reestablished in the tunnel, aerosol 
was drawn through the nostril orifices again 
at 6 liters per minute for 20 minutes. _ 

After the exposures of the animal head 
and the special sampler the filter papers were 
removed, and the triphenyl phosphate par- 
ticles collected on them were extracted with 
alcohol. Washes were collected from the 
tracheal sampler and the interior of the 
special dog-head sampler after its snout had 


been carefully washed with alcohol to re- 


Asset 


move material which had impacted around 
the nostrils. 


The per cent penetration was computed 
as C/C,X 100%, where C, was the concen- 
tration of the influent aerosol which flowed 
into the special dog-head sampler and C 
that of the effluent aerosol which had 
passed through the nasal passages of the 
natural head. Concentrations were deter- 
mined the usual way as m/v, where m is 
the amount of particulate matter deposited 
on the filter paper in a sampler from a 
given volume of aerosol drawn (v) through 
it. 


Results 


The results are shown in Table 1. The 
percentage nasal penetration in dead dogs 
was 85%+3 (standard deviation) for an 
aerosol consisting of particles of MMD of 
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TABLE 1—Nasal Penetration in Dead Dogs 


Z 


e2 = 


Conc. of 

Influent 

Aerosol, 


Penetration, 
Av. per Cent 


8543 


7347 


a 


RESER SES 


3235 

SEESSE wna 


1.34 and moving at the rate of 2.5 mph, 
73% +7 for an aerosol of particles of 
moving at 2.5 mph, and 64%+4 for an 
aerosol of 7.6 particles moving at 10 mph. 

An analysis of the data was made by t- 
tests. The data in the second group in 
Table 1 (MMD of 7.6n, 2.5 mph) were 
compared with the first (MMD of 1.3, 
2.5 mph); the data in the third group 
(MMD of 7.6n, 10 mph) were compared 
with the second (MMD of 7.6p, 2.5 mph). 
The penetration was significantly greater 
for the smaller particle size and for the 
smaller wind velocity. 


Comment 


The use of dead animals’ heads raised 
two questions. The first was: Had death 
of the animal caused gross changes in size 
and shape of nasal passages? The pressure 
difference due to flow of air in the nasal 
passages was measured by a water manom- 
eter in two living anesthetized dogs. The 
animals were killed, and the pressure differ- 
ence was measured at intervals of time 
thereafter. Two hours after death the 


pressure differences were the same as they 
had been in the living dog. It was con- 
cluded that in the time required to make an 
exposure there were no gross changes in 
size and shape of the nasal passages. The 
second question was: Did the steady stream 
of room air drawn through the noses of the 
dead animals dry the mucosa? Three ex- 
posed dogs were dissected after exposure, 
and the mucosa was found to be glistening 
and moist to the touch. From these ancil- 
lary experiments it was concluded that any 
changes due to death were not significant. 

It ought to be emphasized that the aerosol 
concentrations used to calculate the pene- 
tration values in Table 1 were those of the 
influent aerosol, i. e., the aerosol entering 
the nostrils of the animal. It is usually 
more convenient to sample isokinetically 
the affluent aerosol, i. e., the aerosol in the 
air stream at some distance away (6 in. or 
more) but moving toward the animal. In 
cases in which the influent and the affluent 
concentrations differ, the value of the per- 
centage nasal penetration will depend on 
which concentration is used in the calcula- 


TABLE 2.—Concentrations of Influent and Affluent Aerosols of Particles of MMD 
of 7.6u, Density of 1.2 Gm/Cm! 


Influent Aerosol, 
Cy, 


Wind Velocity, 
Mph 


2.5 0.70 
0.58 


0.33 
0.26 


Affiuent Aerosol, Concentration Ratio, 
Cc L. Cc 


0.93 
0.78 


0.86 


Av. 0.65 
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Particle Cone. of 

Dog, Size, Wind Effluent 
4 
MMD, u Velocity, Aerosol, per Cent 

44 
ll 
12 

13 
14 

0.74 

10.0 on 0.82 

0.42 0.62 
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PARTICLE SIZE AND WIND SPEED AND NASAL PENETRATION 


Taste 3.—Calculation of Per Cent Nasal Penetration 


Size, Wind 
MMD, Velocity, C, 
m Mph 
13 2.5 1.0 
7.6 2.5 0.86 
7.6 10.0 0.85 


Nasal Penetration 
Calculated from Concentrations of 


Influent Aerosol, Affluent Aerosol, 
per Cent per Cent 
85 85 
73 62 
64 43 


tions. Therefore, simultaneous samplings 
were made of the influent and affluent aero- 
sols by a procedure which has been de- 
scribed in a previous paper.’ The resulting 
concentrations and their ratios are shown 
in Table 2. 

It can be seen that for 7.6m particles the 
concentration of the influent aerosol was 
less than that of the affluent aerosol when 
the air stream was moving at either 2.5 
mph or 10 mph. Not enough data are pre- 
sented here for statistical analyses, but 
these figures indicate average ratios. K. R. 
May ® also reported that the concentration 
of the influent aerosol was less than that 
of the affluent aerosol when the special 
sampler was shaped like a guinea-pig head 
and exposed to aerosols consisting of par- 
ticles larger than 54 moving at velocities 
of more than 3 mph. My co-workers and 
I* have reported that the concentrations 
of the influent and affluent aerosols are the 
same when small (1.3) particles of density 
close to 1 gm/cm.* are moving slowly (2.5 
mph). 

The per cent nasal penetration based on 
the concentration of the affluent aerosol 


where P; 


A 
is the nasal penetration in Table 1. The 
results of the calculation are shown in Table 


3. 


may be calculated as 


Summary 


Percentage nasal penetration of particles 
was studied as a function of particle size 
and wind velocity in dead dogs. The influ- 
ent concentration of the aerosol flowing 


into the noses was determined by a sampler 
made in the shape of a dog’s head. The 
effluent concentration which had flowed 
through the nasal passages of the dead 
animal was collected by a sampler attached 
to the trachea. The nasal penetration, i. e., 
the ratio of the effluent concentration to that 
of the influent concentration, was signifi- 
cantly greater for the smaller particle size 
and for the smaller wind velocity. Values 
of nasal penetration are also presented 
based on the concentration of the affluent 
aerosol, i. ¢., the aerosol in the air moving 
toward the animal. These values are smaller 
than those obtained from concentrations of 
the influent aerosol. 

Pfc. William Farnum and Mrs. Stella Ryan 


assisted with chemical determinations and the 
biological preparations. 

Aerosol Branch Building 355, Chemical War- 
fare Laboratories, Chemical Corps Research and 
Development Command. 
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The Toxicities of Tetramethyl Propane Diamine and 


Tetramethyl Propene Diamine 


WILLIAM T. ROCKHOLD, Ph.D., Norwich, N. Y.; HERBERT LANSKY, M.D., Buffaio; PAUL G. WRIGHT, and 


HERBERT E. STOKINGER, Ph.D., Cincinnati 


The two alkyl diamines, N,N,N’,N’-tetra- 
methyl propene-1,3-diamine and N,N,N’,N’- 
tetramethyl propane-1,3-diamine, are rela- 
tively new chemical compounds whose 
toxicologic properties are reported here for 
the first time. The studies reported here 
were designed to determine (1) the toxicity 
to various laboratory animal species by all 
common routes of entry into the body and 
(2) the degree to which this toxicity was 
manifested, with the view to evaluating the 
potential hazard involved in use of these 
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compounds. A subchronic (30-day) inhala- 
tion toxicity experiment was undertaken 
with the propane diamine in an attempt to 
ascertain what effects might result from 
repeated inhalation of low levels of vapor 
of this type compound. Unfortunately, as 
often occurs with newly synthesized chem- 
icals, the supply of the compounds was 
limited and thus did not permit the per- 
formance of chronic inhalation exposures. 


Physical and Chemical Properties 


At the start of these studies little infor- 
mation was available on the chemical reac- 
tivity of these compounds. The available 
physical data are shown in Table 1. Upon 
receipt of the diamine compounds, infrared 
spectroscopic examinations were performed 
to provide physical characterization of these 
substances. The infrared spectrograms of 
the propane and propene derivatives are 


Taste 1.—Physical Data for the Propane and Propene Diamines Studied 


Molecular weight 
Specific gravity 


Melting point, F 
Boiling point, F 
Refractive index, 


Solubility (water) 
Storage stability 


N,N,N’,N’-Tetramethyl 
Propene-1,3-Diamine 


CH 
H; CH, 


Slight yellowish liquid 


Soluble 
Slow discoloration in air 


N,N,N’,N’-Tetramethyl 
Propane-1,3-Diamine 


C:HisNs 
CH ,H--N-CH; 
CH, He 
Colorless liquid 
130 
20 


6.7825 


—116 
295 


1.4236 


Soluble 
Stable 
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PERCENT TRANSMITTANCE 


2 3 4 ) 6 7 
WAVELENGTH , MICRONS 


Fig. 1—Infrared spectrogram of propane diamine compound. 


PERCENT TRANSMITTANCE 


5 6 7 
WAVELENGTH , MICRONS 


Fig. 2.—Infrared spectrogram of propene diamine compound. 
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presented in Figures 1 and 2, respectively. 
The spectrograms shown in these figures 
were prepared with a Perkin-Elmer Model 
21 Spectrophotometer using a 0.025 mm. 
fixed liquid cell. Only the 2y-11p region 
is shown, as the most distinguishing fea- 
tures of the two compounds are limited to 
this region. Several strong absorption 
bands have been correlated with those of 
known chemical groups: 2.92y-3.10p, 
amines; 3.25, C-H stretching of a CH 
group observed on the side of the broad 
3.54 band in the case of the propene com- 
pound only; 3.4-3.6u, C-H stretching of 
and CHs groups; 6.01n, C=C stretch- 
ing (propene compound only), and 6.87» 
and 7.25u, CH bending. The bands beyond 
8» have not been assigned in the present 
study but, as representative of skeletal vi- 
brations, serve to distinguish the two com- 
pounds. 

The infrared absorption spectrum of the 
propane derivative, repeated after storage 
at 0 C for two years, remained unchanged. 
The stock supply of the propene compound 
was exhausted during the experimentation, 
thus precluding further infrared examina- 
tion. 

Chemically the two diamines had similar 
basic properties (pH 12 to 14 in 1% 
aqueous solution) and differed only in the 
unsaturation of the alkyl chain of the pro- 
pene derivative; both were highly water- 
soluble. The odor of the compounds was 
similar to but lacked the pungency of am- 
monia. Little work to characterize these 
substances further was undertaken. 

The limited amount of test materials 
available severely restricted the number of 
animals used to determine the toxicity by 
the various routes. Experiments were de- 
signed, however, to yield the maximal 
amount of information under these restric- 
tions. Accordingly, despite these restric- 
tions, we believe the statements as made on 
the toxicity are supported adequately by the 
data. 


126 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


Acute Toxicity Studies 


Animals and Diet—The animals used in this 
study were rats, rabbits, and dogs. The rats were 
albino males of a derived Wistar strain supplied 
by a local breeder and fed Rockland rat diet ad 
libitum. Their weights were approximately 200 
to 300 gm. at the start of the experiments. The 
male albino rabbits used weighed approximately 2 
kg. at the start of the experiments. Their diet 
consisted of Purina rabbit pellets fed ad libitum. 
Mongrel short-haired dogs used in the inhalation 
studies weighed approximately 7 kg. at the start 
and were fed once daily a diet of Borden’s dog 
meal with skim milk in equal parts to a total of 
700 gm. 

Oral Toxicity—When given to rats by 
gavage, both compounds in quantities of 
0.05 ml. (dosage, ca. 20.0 mg/kg.) proved 
highly irritating to the stomach mucosa. 
Large vesicular formations were observed 
on the stomach wall of the rats at autopsy 
performed 24 hours after administration of 
the compounds. The vesicles were filled 
with a colorless fluid and covered the major 
portion of the stomach mucosal surface. 
This marked reaction so altered the physio- 
logical response as to render meaningless 
any L. D.s9 value for the undiluted com- 
pounds. 

Intraperitoneal Toxicity.—Intraperitoneal 
toxicity studies of the undiluted diamines 
were not continued beyond the screening 
tests owing to irritating effects similar to 
those noted in the oral toxicity studies. In- 
traperitoneal injection of doses of 0.01 ml. 
of propene diamine to rats (ca. 30.0 mg/ 
kg.) was lethal to the animals, but death 
was attributed to acute peritonitis rather 
than specific organ or systemic disturbances. 
Similar studies using the propane diamine 
derivative produced comparable effects at 
the same dose level. 

Intravenous Toxicity—The toxicity by 
this route was tested on the propene diamine 
only, the more toxic of the two compounds, 
because entry into the body by this route in 
large doses would not be expected to occur 
normally. A suspected high order of tox- 
icity for the propene diamine prompted the 
use of dilute solutions in the early intra- 
venous studies. Aqueous solutions of 1% 
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and 10% propene diamine were adminis- 
tered to rabbits via the marginal ear vein 
in doses up to 15 mg/kg., but no toxic 
manifestations were noted. Accordingly the 
undiluted compound was then injected by 
the same route in doses of 50 and 63 mg/ 
kg., from which lethal effects readily oc- 
curred. The mortality data of these two 
dosage levels are shown in Table 2. The 
limited data suggest that the intravenous 
L. D.so of propene diamine in rabbits lies 
between 50 and 63 mg/kg., indicating a 
moderately toxic compound by this route. 


Taste 2.—Dosage Mortality Response of Rabbits 
Intravenously Injected with N,N,N’,N’- 
Tetramethyl Propene-1,3-Diamine 


Animals, Dose, 
No. Mg./Kg. Mortality* 
3 15 0/3 
3 50 1/3 
2 63 2/2 


* Numerator: number of deaths; denominator: number tested . 


The response of the animals to the in- 
travenous injection of propene diamine was 
first manifest as an increased nasal secre- 
tion. The one animal that died from’ the 
50 mg/kg. dose collapsed within five min- 
utes after injection and showed signs of 
depressed respiration and loss of the eye 
reflex. Death occurred at seven minutes 
after injection. The rabbits receiving the 
higher dose also had increased nasal drain- 
age along with clonic convulsive seizures, 
followed by death within three minutes after 
injection. 


Cutaneous and Ocular Effects 


The marked irritating property of the 
diamine compounds prompted investigation 
of the effects of contact of the compounds 
with the skin and mucosal membranes and 
corneal surfaces of the eyes. 

Cutaneous Effects—The clipped, washed belly 
of the albino rabbit was used to test the irritating 
effects of single application of these compounds. 
Three rabbits (weighing approximately 2 kg. each) 
were used for this test; each rabbit received 0.01 
ml. of the compounds at well-spaced areas on the 
belly. The areas of application of the compounds 
differed in each rabbit to avoid possible change 
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in reaction due to difference in skin sensitivity at 
the different areas. The animals were observed 
for 30 minutes after application of the compounds 
and daily thereafter for one month; from one 
month to the termination of this study at four 
months the animals were examined weekly. Con- 
centrated ammonium hydroxide was used as a 
control substance of similar alkalinity. The 
diamines, along with concentrated ammonium 
hydroxide for comparison, were tested also on the 
abraded skin of one rabbit. The abrasions were 
made by scratching the dermal layer with a sterile 
hypodermic needle. 

Within five minutes after application of 
0.01 ml. of the propene derivative to the 
intact skin, there were visible signs of 
erythema along with a yellowing of the skin 
over the entire area of contact. At the end 
of 30 minutes the areas had become swollen 
(edematous) with increased erythema. At 
the 24-hour examination the edema was 
absent, but the erythema and yellow stain- 
ing of the areas persisted. At the end of 
six days the areas had eschar formations 
with incipient sloughing. Two weeks after 
application of this compound normal re- 
covery of the affected areas had begun; one 
month after application the areas were nor- 
mal in appearance. Hair growth over the 
treated areas was not affected, and at the 
termination of this study at four months 
after treatment the skin areas were normal 
in all appearances, indicating no permanent 
damage to the skin on single application of 
this dose. 


The propane diamine compound similarly 
produced erythema within five minutes after 
application of 0.01 ml. to the intact rabbit 
skin. The erythema had become more 
marked by 30 minutes after application, but 
no edema or yellowing of the skin occurred 
as with the propene diamine. The reaction 
at the end of six days, however, was the 
same, i. e., eschar formation. Recovery of 
the treated skin areas followed the same 
pattern as described for the propene deriva- 
tive; complete recovery with no permanent 
damage occurred within one month. 

Biopsy was made of a skin specimen of 
one rabbit that had received 0.25 ml. of the 
propane diamine compound topically on a 
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clipped area of the back. Histopathologic 
examination showed lytic changes in the 
treated area. There was destruction of the 
surface epithelium, with the change extend- 
ing into the dermal appendages. The corium 
was edematous. Capillaries were congested 
though not swollen. Cellular response was 
slight and chiefly histiocytic. In the under- 
lying muscles the cellular response was 
more marked. 

Concentrated ammonium hydroxide, 0.01 
ml., used as an alkaline control substance 
placed on an abraded area and on an intact 
area of the skin of the rabbit’s belly, pro- 
duced no visible changes on the intact skin 
area. The abraded area at the 24-hour ex- 
amination, however, showed signs of necro- 
sis at the sites of the abrasions but not 
on the surrounding skin. The diamines, 
which were tested on the same rabbit at 
the same time as the NH,OH, showed signs 
of irritating effects (as described above) on 
the intact skin. The abraded areas were 
much more necrotic at the sites of the abra- 
sions with irritation evident on the sur- 
rounding skin. 

Ocular Effects—Preliminary studies in rabbits 
indicated that the two diamine compounds were 
highly irritating and extremely damaging to the 
corneal surface and mucous membranes of the 
eye. To evaluate further the effects of these com- 
pounds in the eye, the method of Draize and 
-Kelley* was used with slight modifications to test 
the diamines. For comparison, and to determine 
whether the irritating effects were due to al- 
kalinity or to the liberation of ammonium ion, 
concentrated ammonium hydroxide was placed in 
the eye of one rabbit and evaluated similarly to 
the diamines. The Draize method consists of 
placing a measured amount of the test compound 
in one eye of nine rabbits, the other eye serving 
as a control. The eyes of three of the rabbits are 
not treated further; three are washed at two 
seconds after application, and the remaining three 
are washed at four seconds with 20 ml. of luke- 
warm water. The eyes are then examined at 24 
hours and daily thereafter with a hand slit lamp, 
and the reaction scored. Our modification of the 
Draize method has consisted of reducing the mini- 
mal dose of 0.1 ml. to 0.01 ml., owing to the high 
degree of irritation resulting from contact of 
these substances with the eye. 
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Upon contact of 0.01 ml. of the propene 
diamine with the eye, the animal showed 
signs of distress. In all instances, washed 
or unwashed, the conjunctival membranes 
became inflamed and swollen within one 
hour after application. At 24 hours the 
test eyes of all animals were swollen and 
inflamed with heavy purulent discharge. 
The cornea had an over-all cloudy appear- 
ance to such a degree that in some animals 
the iris was not visible. In one rabbit 
whose eye was not washed, keratoconus was 
observed at the 48-hour examination. These 
conditions persisted’ for six months, at 
which time the experiment was terminated 
and the animals killed; the eyes of the 
animals were taken for histopathologic ex- 
amination. The absence of recovery at six 
months was indicative to us of permanent 
ocular damage as a result of the contact 
with this compound. 

The washed eyes of the rabbits showed 
that the intensity of the irritative effects of 
this compound was reduced by early wash- 
ing the eyes with water after contact. At 
18 days after the treatment the washed eyes 
showed some improvement compared with 
the unwashed eyes. Swelling and inflamma- 
tion were reduced, but corneal cloudiness 
persisted. The condition at autopsy showed 
less damage in the unwashed eyes as judged 
by corneal opacity. In no instance was there 
complete recovery of the rabbits’ eyes to 
normal, indicating that early washing of 
the eye with water altered the degree of 
damage but did not prevent permanent 
ocular effects. 

Histopathologic examination of the eyes 
taken from animals six months after treat- 
ment with the propene derivative showed 
changes characteristic of an early and active 
inflammatory response; no long-stafding or 
chronic changes were evident. The changes 
indicative of recent irritation were inter- 
preted as the result of self-inflicted injury 
to the eye caused by the irritative nature of 
the compound. No structural changes were 
apparent histologically to account for the 
clinical impression of ocular cloudiness. It 
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is believed that the corneal cloudiness re- 
sulted from a type of cellular damage which 
could not be detected by the histologic tech- 
niques used to prepare the tissues for micro- 
scopic examination. 

The same conditions described for the 
propene derivative were observed when pro- 
pane diamine was instilled into the eyes of 
rabbits. The irritative effects of this de- 
rivative, however, were not so intense as 
those noted for the propene diamine. The 
unwashed eyes of the propane diamine- 
treated groups, although less severely af- 
fected, still showed evidence of damage at 
the end of six months. In contrast, the 
washed eyes of animals from this group 
regained normal appearance by the end of 
two weeks after application of the com- 
pound. Histopathologic examination of the 
washed eyes from this group confirmed the 
gross observation of normal appearance of 
the eyes. Microscopic examination of the 
unwashed eyes at six months showed 
changes in some respects comparable with 
those caused by the propene derivative ; 
however, they appeared more chronic in 
nature. It is felt that these changes were 
probably the result of the instillation of the 
compound itself rather than of any trauma 
to the eye caused by the animal. The lack 
of recent inflammatory changes has seemed 
to substantiate the less irritating nature of 
the propane derivative. 


To determine whether the alkalinity of 


the diamines or the character of their 
organic structure were causing the 
damage, 0.01 ml. of concentrated am- 


monium hydroxide was instilled into the 
eye of one rabbit. A similar condition, 
although slightly less severe than that de- 
scribed for the diamines, developed and 
persisted at autopsy at six months. This 
result would indicate that the diamines may 
incur injury over and above that arising 
from their alkalinity. 


Inhalation Toxicity 


The small amounts of materials available 
for toxicologic study required the use of a 
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specially designed small pilot chamber to 
gather data relative to the toxicity of vapors 
from these compounds. Accordingly inhala- 
tion toxicity studies were performed on a 
pilot basis to establish an approximate tol- 
erated dose level for vapors from the com- 
pounds. Later a 30-day exposure study of 
three animal species to propane diamine 
vapor, the compound most abundant in 
supply, was conducted by utilizing an espe- 
cially designed chamber constructed for 
this purpose. 

The pilot inhalation exposures were conducted 
in the same chamber for both compounds. The 
chamber consisted of a bell jar of approximately 
40 liter capacity, in which vapor from the com- 
pounds was introduced into the chamber by bub- 
bling nitrogen through a fritted disk in a flask 
containing the compound. The vapor thus gen- 
erated entered a mixing bulb where it was diluted 
with air to the desired concentration. The vapor 
concentration of the chamber was controlled by 
adjusting the nitrogen flow rate through the com- 
pound. Concentration of the exposure atmosphere 
was determined by chemical analysis of measured 
air samples. 

The chamber used for the subchronic exposure 
was constructed of stainless steel and Plexiglas 
and had a capacity of approximately 475 liters. 
The propane diamine vapor was generated in an 
apparatus similar to that used for the pilot studies. 
The vapor-air mixture entered the chamber 
through a perforated glass manifold constructed 
to distribute the vapor uniformly throughout the 
chamber. The vapor then passed by gravity past 
the animals to the bottom of the chamber, whence 
it was exhausted through plastic pipes evenly dis- 
tributed throughout the bottom of the chamber. 
The materials used for construction of the 
chambers were chosen for their resistance to the 
corrosive effects of the vapor from this compound. 

Analytical Procedures——The chemical similarity 
of the two diamine derivatives permitted analysis 
by the same method. The analytical procedure 
consisted of titration with standardized alkali of 
the excess acid remaining after collection of the 
diamine vapor in a known volume of standard 
acid. Calculations showed that the experimentally 
determined equivalent weight of the diamines 
agreed very closely with the theoretical, with a 
linear relationship existing between the weight of 
the diamine and the amount of acid neutralized 
within a range of 0 to 60 mg. of the compound. 
To analyze the exposure atmosphere, a measured 
sample of the chamber air was passed through 
a midget impinger containing 10 ml. of 0.05 N 
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sulfuric acid. The excess acid was titrated with 
0.01 N sodium hydroxide, and the concentration 
of the compound in the atmosphere was read from 
previously prepared standard curves of each com- 
pound. 


TaBLeE 3.—Effects of Inhalation of N,N,N',N'- 
Tetramethyl Propene-1,3-Diamine on Rats 


AV. 
Conc., 
Ppm 


Rats, 
No. 


Days of Mortality t 
Exposure* 
5/5 within 24 hr. 
6/6 within 72 hr. 


0/6 


* Daily exposure was for a two-hour period. 
+ Numerator: number of deaths; denominator: number tested . 


Acute Inhalation Exposure.—The results 
of three separate exposures of rats to dif- 
ferent levels of propene diamine vapor are 
tabulated in Table 3. From the Table it is 
evident that 100 ppm of this compound was 
not injurious for 11 two-hour repeated 
daily exposures used in this test. Weight 
gain was normal for the rats in this group 
both during and after exposure. Irritating 
effects to the eyes were evident, however, 
at this level, as indicated by the squinting 
and pawing actions of the rats. Single two- 
hour exposures at higher levels of 200 and 
500 ppm caused discomfort, eye irritation, 
and a gasping respiratory pattern. The 
gasping pattern persisted until death after 
removal of the animals from the chamber, 
indicating a lasting irritation to the respira- 
tory tract. Cataract-like eye injury devel- 
oped in some of the rats exposed to the 
high concentrations. 


TaBLE 4.—Effects of Inhalation of N,N,N',N'- 
Tetramethyl Propane-1,3-Diamine on Rats 


nom, Days of Mortalityt 


0. Exposure* 


6 2/6 in 24 hr. 
4/6 in 72 hr. 


6 1/6 in 120 hr. 
6 5 0/6 


Av. 
Conc., 
Ppm 


* Daily exposure was for a two-hour period. 

+ Numerator: number of deaths; denominator: number 
tested. 

The propane diamine was slightly less 
toxic by inhalation than the propene com- 
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pound, as was similarly noted in the com- 
parative skin irritation tests of these two 
compounds. The mortality data from three 
pilot exposures of rats to different atmos- 
pheric concentrations of the propane deriva- 
tive are shown in Table 4. From the Table 
it appears that five daily two-hour expo- 
sures of 200 ppm were not lethal. The 
weight-gain curves of the animals indicated, 
however, that some toxic manifestations 
occurred at this level. The weight of the 
animals decreased throughout the exposure 
period and thus continued for three days 
after'exposure, after which time the animals 
began to gain weight, returning to the pre- 
exposure weight in approximately two 
weeks. Eye irritation and a gasping type 
of respiration were noted in the animals 
exposed to the higher concentrations, as was 
seen in the rats exposed to similarly high 
levels of propene diamine. 

Subchronic Inhalation Exposure.—Propane 
Diamine: A one-month (subchronic) inhalation 
exposure to propane diamine vapor was under- 
taken to evaluate the hazard from repeated inhala- 
tion of this type of compound. Two dogs, four 
rabbits, and eighteen rats were exposed six hours 
daily, five days per week, for a one-month period 
to an average exposure atmosphere of 12 ppm 
propane diamine vapor. The dogs were mongrels 
weighing approximately 7 kg. at the start of 
exposure; rabbits and rats were albinos averaging 
1500 and 200 gm., respectively. Two rabbits and 
six rats of the same average body weight at the 
start of the experiment were used as control 
animals for this experiment; no control dogs were 
maintained. A two-week preexposure period 
served to accustom the animals to the exposure 
routines. During the preexposure and_ subse- 
quently throughout the exposure period, all 
animals were weighed weekly. Blood samples for 
hematologic study were taken from the dogs and 
five rats periodically throughout the preexposure 
and exposure periods. At the termination of the 
30-day exposure the two dogs, all exposed and 
control rabbits, and seven exposed and two control 
rats were killed for histopathologic examination. 

The propane diamine vapor concentration 
was below the originally planned exposure 
level of 25 ppm estimated from the pilo* 
data as a nonhazardous concentration. The 
dogs and rabbits, however, proved much 


more susceptible than the rats to the irrita- 
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tive properties of this diamine vapor. Con- 
centrations of 25 ppm and above caused eye 
irritation and respiratory responses (cough- 
ing and sneezing) in the dogs and rabbits; 
no noticeable response was exhibited by the 
rats. A concentration of approximately 10 
ppm was therefore chosen for the exposure 
period, after observation showed that none 
of the animals exhibited signs of discomfort 
at this level. 

As a precaution against uncontrollable 
fluctuations in the vapor generating proce- 
dures, periodic samples were taken through- 
out the daily exposures, so that the animals 
could be removed from the chamber when 
the selected CT (concentration X time) of 
60 ppm hours had been attained. From 
these analyses the exposure atmosphere for 
the 30-day period was found to average 12 
ppm, with a range of 9.9 to 12.9 ppm. The 
average daily CT was 62.3 ppm hours. ~ 

Daily examinations and observations of 
the animals during the exposure were used 
as one of the criteria for assessing the tox- 
icity of the exposure to this diamine deriva- 
tive. Brief exposure of the animals to 
concentrations of 20 to 30 ppm of the pro- 
pane diamine vapor caused marked re- 
sponses from the rabbits.and dogs. The 
dogs squinted, and watery discharge from 
the eyes was noted, indicating ocular irri- 
tation. Irritation to the respiratory tract by 
this vapor concentration was also indicated 
by the prominent response of sneezing and 
coughing noted in the dogs. The rabbits 
likewise showed signs of irritation to the 
eyes and respiratory tract, as was evidenced 
by their tightly closed eyes, sneezing, and 
pawing actions at the nose. The only indi- 
cation of discomfort exhibited by the rats 
was restlessness and slightly altered respira- 
tory pattern. 

The signs of discomfort were not evident 
at the established daily exposure concentra- 
tion of 12 ppm. Daily examination of the 
animals, however, indicated irritative effects 
from this concentration. By the end of the 
first week of exposure one dog developed a 
chronic deep bronchial cough which per- 
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sisted to the end of the exposure; the other 
dog developed a cough by the end of the 
second exposure week, and the cough like- 
wise persisted to termination of the experi- 
ment. This difference in susceptibility of 
the two dogs to the irritative effects of this 
compound could possibly have resulted from 
environmental conditions prior to the time 
the animals were obtained for laboratory 
use. At autopsy it was evident that the more 
susceptible dog had probably been “city- 
reared” in that the lungs, on gross examina- 
tion, showed deposition of blackish pigment 
within the parenchyma, as commonly seen 
in city dwellers ; in contrast, the lungs from 
the other dog had a normal appearance. 

The rabbits showed no untoward actions 
indicative of irritation at the 12 ppm vapor 
concentration other than slightly altered re- 
spiratory patterns (occasional forceful ex- 
piration). Examination of the eyes of the 
exposed rabbits indicated, however, some 
irritative effects. The eyes were covered 
by a slightly cloudy film which was evident 
during the second exposure week and per- 
sisted to autopsy. No abnormal responses 
were noted in the exposed rats. Examina- 
tion of the data on body weights of the 
animals during the exposure indicated less 
gain in weight in the exposed rabbits and 
rats compared with their controls. The 
exposed rabbits showed a 64% weight in- 
crease compared .with a 96% gain for the 
control rabbits. The weight gain of the rats 
was 21% and 36% for the exposed and 
control groups, respectively. No change in 
the weight of the dogs was noted. 

No hematologic alterations were observed 
in the animals from this study. Distinct 
morphologic changes were observed, how- 
ever, in all species of animals exposed. 
These changes were limited chiefly to the 
larynx and trachea and, in the dog, to the 
secondary bronchi. Changes observed in- 
cluded vesicular or hydropic degenerative 
change of the ciliated columnar epithelial 
lining of the airways, together with effects 
to the walls of the air passages consisting 
of active inflammatory cellular infiltration 


— 
‘ 
| 
b 
ta 
f 


A, M. A. ARCHIVES OF INDUSTRIAL HEALTH 


with hyperemia. In some animals consider- 
able mucous secretion was evident. 


Odor-Irritation Detection Levels 


The prominent ammoniacal odor of the 
diamine compounds suggested a possible 
“built-in” safety factor if low atmospheric 
concentrations could be detected by man. 
To determine this, randomly selected per- 
sons from this laboratory were asked to 
breathe for short periods low concentrations 
of propane diamine vapor dispersed in the 
exposure chamber. To avoid subjective 
judgment, the test persons were not told 
the concentrations of the atmosphere, and 
in some instances, without the knowledge 
of the observers, the vapor dispersing ap- 
paratus was disconnected so that no diamine 
vapor was present in the chamber. 

These experiments demonstrated that 
propane diamine vapor concentrations as 
low as 2 ppm were detectable on repeated 
trials. As the concentration of the vapor 
increased in the chamber, the certainty of 
detection increased. At levels of 8 ppm 
definite irritation to the nasal passages and 
eyes was reported, and in two instances 
concentrations of 5 ppm were reported as 
causing slight nasal irritation. 


Comment 


The data from the toxicologic studies of 
these compounds have demonstrated that 
propane and propene diamines are suffi- 
ciently irritating to present a definite hazard 
to personnel engaged in handling these two 
products. The irritative effects of the dia- 
mines were manifest by all routes of 
administration tested—oral, intraperitoneal, 
intravenous, topical, and inhalation of vapor. 
Topical application, in quantities of only 
0.01 ml. to the eye and skin of rabbits, 
caused marked local responses leading to 
eschar formation on the skin and permanent 
ocular damage. The ocular damage consisted 
of erosion and pustulation of the mucous 
membranes and dense over-all corneal 
cloudiness. Washing the eyes with water at 
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two and four seconds after application of 
the compound to the eye lessened the degree 
of damage caused by the propene diamine 
and prevented the permanent effects which 
occurred in the unwashed eye after appli- 
cation of the propane derivative. The skin 
was not permanently affected by these two 
compounds at the low doses tested (0.01 
ml.), but the marked primary irritative 
properties of the compounds at these small 
doses should be noted. As most accidental 
spills or splashings usually involve much 
larger quantities, the hazardous effects to 
personnel handling these materials are easily 
conceivable. For these reasons manufac- 
turers or handlers of these compounds 
should be cautioned to use suitable personal 
protective equipment and extreme care in 
handling. 

, Systemic responses from parenteral ad- 
ministration of the diamines were masked 
by the irritative properties of the com- 
pounds; similarly these side-effects pre- 
vented establishing 50% mortality data for 
the undiluted materials. 


The experimental data from exposures to 
inhalation of vapor from the diamine com- 
pounds emphasize the irritating properties 
of these substances. Acute exposure of rats 
to vapor levels of 100 to 200 ppm was 
noted to cause eye irritation, presumably 
due to the strong alkalinity of the com- 
pounds. The rat, however, appeared to be 
less sensitive to the effects from the vapor 
than other animal species. Dogs and rab- 
bits were observed to be sensitive to the 
irritative effects of concentrations averag- 
ing 12 ppm of propane diamine vapor on 
repeated daily six-hour exposures; ocular 
and respiratory irritations were evident in 
some of the animals one week after the 
start of the exposure. Weight gain of all 
exposed animals was less than that of the 
control animals. 

The strong ammoniacal odor of the vapor 
from the diamine compounds serves as a 
warning of exposure. The demonstrated 
odor-detection level for man of 2 ppm 
propane diamine vapor would serve as pre- 
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cautionary warning, and irritative effects to 
man at levels of approximately 8 ppm would 
help prevent undue exposure. 

From these studies the need for protec- 
tive equipment and precautionary methods 
of handling the diamines should be em- 
phasized. Suitable warning labels should be 
attached to all containers for these com- 
pounds. 


Summary 


Highly irritating properties have been 
demonstrated for two alkyl diamine com- 
pounds, N,N,N’,N’-tetramethyl propane-1, 
3-diamine and N,N,N’,N’-tetramethyl pro- 
pene-1,3-diamine, when administered topi- 
cally or parenterally to laboratory animals. 
Single application of quantities of 0.01 ml. 
of the diamines to the rabbit’s eye produced 
permanent ocular damage. Washing the 
eye with water at two and four seconds 
after application of the compounds lessened 
the severity of damage from the propene 
derivative and prevented the permanent 
damage from the propane derivative. Topi- 
cal application of 0.01 ml. of the diamines 
to the skin of rabbits produced marked re- 
sponses leading to eschar formation; no 
permanent damage to the skin was observed, 
however, at this dosage level. The intra- 
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venous L.D.59 to rabbits of the propene 
derivative was estimated to lie between 50 
and 63 mg/kg. 

Acute inhalation exposure to vapor from 
the diamines elicited an irritative response 
in rats. Repeated two-hour exposures to 
concentrations of 100 ppm propene diamine 
vapor and 200 ppm propane diamine vapor 
were not lethal to the rats, but ocular and 
respiratory irritations were evident. 

A 30-day subchronic exposure of three 
animal species to inhalation of 12 ppm of 
propane diamine vapor for 6 hours daily, 
5 days per week, was not lethal. At this 
concentration, however, the dogs and rab- 
bits developed ogular and respiratory dis- 
turbances and inhibited body weight gain. 

In man odor detection of concentrations 
of 2 ppm was repeatedly demonstrated; 
concentrations of 5 to 8 ppm caused slight 
nasal and ocular irritation. 

Mr. David Fraser assisted in developing the 
analytical methods, and Mr. Oscar Marsh helped 
in construction of the animal exposure chamber. 

Eaton Laboratories, Norwich, N. Y. 


REFERENCE 


1. Draize, J. H., and Kelley, E. A.: Toxicity 
to Eye Mucosa of Certain Cosmetic Preparations 
Containing Surface-Active Agents, Proc. Scient. 
Sect., Toilet Goods A. 17:1-4, 1952. 


| 

} 

5 

3 


Age and Absenteeism 


HILDA R. KAHNE, Ph.D.; CLAIRE M. RYDER, M.D., M.P.H.; LEONID S. SNEGIREFF, M.D., Dr.P.H., and 


GRACE WYSHAK, M.S., Boston 


Introduction 


The increasing proportion of older per- 
sons in the population and in the labor force 
has raised an urgent question in recent years 
as to the role that the older worker should 
play as a participant in the productive work 
of society.* Thinking on this subject has 
fluctuated with the changing employment 
picture. Today, with plentiful job opportu- 
nities in the country as a whole, the older 
worker is not looked upon, as he was some 
20 years ago, as a superannuated member 
of society who must be removed from the 
competitive job market, but as a gainful 
worker who can make a positive contribution 
to achieving a higher standard of living for 
all. While the benefit to the nation from the 
productive work is not questioned, and while 
there are undoubtedly social and psycho- 
logical as well as economic gains to the 
worker himself from his employment, if 
work is his free choice, the relative cost to 
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*In 1900, 17.8% of the population were aged 
45 or over; in 1950, this per cent was 28.4. In 
the same period the per cent of persons in the 
labor force aged 45 and over increased from 23.7 
to 35.4. 
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the firm of employing an older rather than 
a younger worker still is not clear. 
Unfortunately there is no consensus in the 
literature on a definition of the older worker, 
although reference is usually made to chron- 
ological rather than to physiological age. 
Persons who have examined industry em- 
ployment practices refer to the fact that 
women workers are considered as older 
workers sooner than men, with age acting 
as a barrier to employment as early as 35 
years. Mention is also made of the variation 
in the way different industries view age. 
This results in workers becoming older 
workers at different ages, depending on the 
type of work they do. While there are these 
refinements in definition, it has been cus- 
tomary, when speaking in general terms, to 
consider as older all workers who have 
passed their 45th birthday. The validity of 
using age 45 as a line of demarcation be- 
tween youth and age has never been estab- 
lished, but because of its prevalent usage it 
has been accepted for purposes of this study. 
The concern about distinguishing older 
from younger workers stems from the com- 
mon belief that, once this imaginary boun- 
dary has been crossed, workers make less 
effective employees and add to the labor 
cost of conducting a business. A number of 
factors are known to affect labor costs, and 
age can influence the way these operate. But 
while the relationship of age to some of 
these factors has been demonstrated, much 


+ For example, it is known that insurance rates 
for policies providing benefits, such as life in- 
surance or pensions, increase with the age of the 
insured. If these policies are financed by em- 
ployers, labor cost will be greater the larger the 
proportion of older workers in the insured group. 
Similarly, physiological and psychological char- 

(Footnote continued on fallowing page) 
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remains to be done before a clear statement 
can be made about the effect on relative 
labor costs that an older work force has. 
In the hope of adding to knowledge in this 
field, one of these factors has been singled 
out for this research study—absenteeism ; 
this affects labor costs both through direct 
expenditures on such items as sick benefits 
and through indirect costs resulting from 
disruption and changes occurring in the 
productive process as a result of the absence 
from work.{ The dollar amount of such 
costs will vary by firm, depending on the 
nature of the product, the production tech- 
niques employed, and the particular jobs in- 
volved. But the relative contribution to 
such costs made by younger znd older work- 
ers can be seen by studying the experience 
of any large group of employees working in 
a common environment. 


Characteristics and Policies 


The analysis of absenteeism to be de- 
scribed in this paper was based on a study 
of a food processing plant located in Greater 
Boston. The employee group, composed of 
virtually the entire company population em- 
ployed for the full calendar year of 1953, 
included 619 white workers, more than 
three-fourths of whom were men.§ Of the 
group 53% were under 45 and 47% were 
45 years of age or more. A large majority 
of the workers were American-born, elimi- 
nating language and customs as a factor to 


acteristics of individuals are affected by age. As 
aresult of changes occurring in motivation, physical 
vigor, perception, speed of work, ability to learn 
new skills, and judgment, the employee’s per- 
formance on the job may be affected. Here we 
know more of the changes with age in these 
specific characteristics than we do about their 
combined effect on the quantity and quality of 
output per man-hour. See Corson, J. J., and 
McConnell, J. W.: Economic Needs of Older 
People, New York, Twentieth Century Fund, 
1956, pp. 59-61; Mathiasen, G., editor: Criteria 
for Retirement: Report of the National Confer- 
ence on Retirement of Older Workers, held under 
auspices of the National Committee on Aging of 
the National Social Welfare Assembly, New 
York, Jan. 24-26, 1952, New York, G. P. Putnam’s 
Sons, 1953, p. 88. 
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be considered in interpreting the research 
findings. 

The make-up of the male and female em- 
ployee groups reflected partly the industry 
requirements as expressed under conditions 
of the current local labor market and partly 
the employment policies of the company. 
Neither group was typical of male and fe- 
male employees in the nation; nor were they 
similar in composition within the firm itself. 
While 37% of all male workers are over 45, 
the figure in this firm was much higher— 
48%. The median age of men under 45 was 
37 years, and of workers 45 and over it was 
52 years. More than three-fourths of the 
men were hourly rated employees. Occupa- 
tionally, skilled and semiskilled jobs pre- 
dominated, accounting for 62% of the group 
as compared with 39% for all male workers. 
Long-term employment was not uncommon, 
with two-fifths of the men having at least 
15 years of service with the company. In 
terms of family status 82% of the men 
were married, and of the married and single 
men 82% had one or more dependents. 

Among the female employees the charac- 
teristics were influenced both by the large 
number of clerical workers and by the high 
proportion of older women in the group 
engaged in production activities. Fifty-nine 
per cent of the women were salaried em- 
ployees, and all but ten per cent of these 
filled clerical positions. Forty-four per cent 
of all women workers were classified in the 
unskilled and service group. While only 
about a third of female workers in the 


t For a pioneer study on frequency of absences, 
see Kossoris, M.: Absenteeism and Injury Ex- 
perience of Older Workers, Month. Labor Rev. 
67:16-19 (July) 1948. An excellent review of a 
number of aspects of absenteeism experience is 
found in Gafafer, W. M., editor: Manual of 
Industrial Hygiene and Medical Service in War 
Industries, issued under auspices of the Commit- 
tee on Industrial Medicine of the Division of 
Medical Sciences of the National Research Coun- 
cil, Philadelphia, W. B. Saunders Company, 1943, 
pp. 420-466. 

§ A few members of top maanagement were ex- 
cluded, as_ were some employees where layoffs 
during the year exceeded one month. 
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country are 45 or more, in this firm over 
two-fifths were in this age category. The 
median age of those under 45 was 36 years, 
and of those 45 and over it was 56 years. 
There was a sharp distinction by age be- 
tween the hourly rated and salaried em- 
ployees. Of the hourly rated women 38% 
were 55 years of age or more, while 44% 
of the salaried group were under 35. In 
contrast to the long terms of service of a 
large proportion of the male group, only 
25% of the women had 15 or more years 
of service with the firm. Only 39% were 
married, compared with 82% of the men. 
Information on the characteristics of the 
employees of the firm is shown in Table 1. 


workers found to have conditions that would 
prevent their adaptability, such as a cardiac 
condition, hernia, or back strain, are auto- 
matically barred from employment. In ac- 
cordance with Massachusetts law age is not 
a factor in hiring. At age 65, however, re- 
tirement is compulsory, and this policy is 
rigidly adhered to. 

With ‘respect to the employees as indi- 
viduals, both the personnel and medical 
departments direct their attention to the 
maintenance of an efficient and healthy work 
force. In addition to preemployment physi- 
cal examinations the medical department, 
composed of a part-time physician and two 
full-time nurses, performs routine annual 


TABLE 1.—Characteristics of Firm Population, by Sex 


Total Firm 


Men Women 


No. 


Per Cent 
of Total 


Per Cent 


Per Cent 
of Total 


of Total 


Total employees 
Under 45 
45 and over 


Wage payment 


Unskilled and service 
Length of service* 


25 or more yr. 
Marital status 
Married 

Single, wid., div. 
Dependents, No.t 
0 dep. 


1-2 dep. 
3 or more dep. 


*Date from which seniority is measured is taken as date of em 
tInformation on dependents was derived from income-tax wit 


Company hiring and retirement policies 
are strict, and through their effect on the 
quality of the ultimate employee group they 
undoubtedly affect absence experience of 
the firm. Preemployment physical examina- 
tions are mandatory and are very important 
in the final decision of whether an applicant 
will be hired. Because of the need of the 
company to maintain a flexible work force 
physically able to perform a variety of jobs, 


136 


loyment with compan 
holding statements. T 


These figures on 4s dents for tax-reporting 
purposes are only a rough indicator of the number of persons financially dependent on a wage earner. Se meen secondary wage earners 


fhe gun figures are particularly suspect, and for this reason they were not recorded for women workers. 


physical check-ups on all employees. Work- 
ers are free to report to the medical clinic 
for ailments, even though such ailments are 
not related to an absence. After any ab- 
sence an employee must report to the medi- 
cal department before returning to work. 
Specific personnel decisions pertaining to 
persons who have developed a disability 
during employment or whose absentee rec- 
ord appears to be excessive are often based 
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on factual information obtained through the 
medical department. The general policies 
applicable to such cases are flexible and in- 
formal. The development of a disability 
during employment, for example, does not 
automatically result in the loss of the job, 
and the company makes every effort to find 
suitable work that the employee is capable 
of doing. Moreover, while absenteeism is 
closely watched, particularly short absences 
occurring after a week end or holiday, each 
case of excessive absenteeism is evaluated 
individually, and the worker’s contribution 
to the company as well as his personal his- 
tory is considered in determining company 
action. Penalties are more strict for young 
employees with short periods of service than 
they are for the older group. 

Earnings and other indirect wage benefits 
are liberal. Average hourly earnings in the 
company during 1953 were $1.68 compared 
with an average of $1.36 for this type of 
industry in the entire country. Workers 
are eligible to participate in a number of 
group benefit programs, including life in- 
surance, hospital and surgical insurance, 
nonoccupational sickness and accident bene- 
fits, and a savings-investment stock purchase 
plan. Pensions are paid to retired employees. 
With the exception of the nonoccupational 
sick benefit plan, which is completely paid 
for by the company, the programs are jointly 
financed. Under the sick benefit plan accu- 
mulation of benefit credits for all employees 
is similar, but benefit provisions differ be- 
tween hourly rated and salaried workers. 
All employees are entitled to receive 2 weeks 
of benefits on the initial date of employment 
and 2 weeks more each year up to a maxi- 
mum of 26 weeks. Salaried workers are 
entitled to receive full pay for covered ab- 
sences beginning with the first day of 
absence. Hourly rated employees receive 
two-thirds of their weekly pay after a five- 
calendar-day waiting period. If their ab- 
sence lasts more than 28 days, the company 
pays benefits retroactively for the first 5 
days of illness. 
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The hourly rated employees are repre- 
sented in their dealings with the company 
by an affiliate of the AFL-CIO. 


Procedure 


To study the absence experience of the 
employees, it was first necessary to obtain 
information on a number of questions re- 
lating to personal history and work attend- 
ance. Records in the medical and personnel 
departments were used for this purpose. 
Each employee was assigned a code number, 
thus assuring anonymity in the subsequent 
handling of the material, and for each the 
following personal and occupational data 
were recorded on a prepared form: sex; 
date and place of birth ; marital status ; num- 
ber of dependents, as indicated on in- 
come-tax withholding forms; occupational 
classification, according to United States De- 
partment of Labor categories, and hiring 
date of employee. The number and dates of 
absences during 1953 were noted. For ab- 
sences of six days or more the reasons for 
the absence were available, and these were 
classified and recorded as nonoccupational 
illness, nonoccupational accident, personal 
reason, and other. The last category in- 
cluded the few occupationally connected ail- 
ments that occurred during the year. 
Single-day absences were also given special 
attention by recording separately those one- 
day absences occurring before or after a 
holiday or week end. 

Because there was a variation in the total 
number of days employees were scheduled to 
work during the year, owing to such factors 
as work on Saturday or Sunday and differ- 
ences in shift, it was necessary to compute 
the total number of days that each employee 
was scheduled to work. For hourly rated 
employees total scheduled workdays were 
derived by adding to the total days actually 
worked in the year the days of absence due 
to illness, accident, personal or other reason. 
Time away from the job because of vacation, 
holidays, jury duty, military duty, and layoffs 
was not considered as scheduled work time 
and was excluded from the computation. 
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Since salaried employees kept no time cards 
which would indicate days worked, the figure 
had to be estimated on the basis of a five- 
or six-day workweek, depending on the 
particular job involved. Nonworking days 
were subtracted to obtain total scheduled 
workdays. The final figures ranged from 
208 to 293 days for hourly rated workers 
and from 201 to 249 days for salaried em- 
ployees. For both groups, however, male 
and female, the modal value, or commonest 
number of workdays, was 239. Two-thirds 
of the employee group were scheduled to 
work between 234 and 244 days during the 
year. 

Combining this information on total 
scheduled workdays with that obtained from 
the absence records, the frequency, disabil- 
ity, and severity rates were computed for 
each employee. The frequency rate measures 
the average number of absences per em- 
ployee per 100 scheduled workdays and thus 
indicates how often the worker is absent 
from his job. The severity rate shows the 
average length of time lost per absence, thus 
providing one measure of the seriousness 
of the absence. The disability rate combines 
these two effects by indicating the average 
length of time lost per employee per 100 
scheduled workdays. The frequency and 
disability rates are of particular interest to 
an employer, because together they indicate 
the frequency and extent of interruption to 
regular production plans caused by a work- 
er’s absences from his job. Although the 
rates are expressed in terms of 100 sched- 
uled workdays, they can be translated into 
approximate annual figures by assuming that 
there are roughly 240 days in a working 
year and multiplying each rate by 2.4. 

After completing the recording of data 
and the computation of absence rates for 
each employee, the information was coded 
and punched. The material was then ready 
for statistical analysis. 


Analysis 


Interest in time lost centers around two 
main questions. First, who are the persons 
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who lose time from work during the course 
of the year? And second, what can be said 
about the characteristics of their absences— 
their frequency, their length, and their com- 
bined duration? The analysis is directed to 
each question in turn. 

Characteristics of Absentees.—Of the 619 
workers in the firm 463 lost time from work, 
and almost all of them had more than one 
absence. However, the number of times out 
and the number of days lost during the year 
were by no means evenly distributed among 
the group. It was found, for example, if 
a cumulation were made of absence rates 
beginning with the highest rates, that 1 in 
6 of the workers with the highest frequency 
rates (105 persons) accounted for about 
half of the absences and that 1 in 7 of the 
employees with the highest disability rates 
(85 persons) accounted for about half of 
lost time due to absences. About one-quarter 
of the work force experienced no absence at 
all during the entire year. Thus, a relatively 
few number of persons made a dispropor- 
tionate contribution to the average absence 
rates experienced by the plant as a whole. 

The slight differences that appear to exist 
between the composition of the group who 
lost time and the composition of the entire 
plant become much sharper when one ex- 
amines the make-up of the groups who 
account for roughly half of the absences 
and lost time. Women as a proportion of 
each group are much more important than 
they are in the entire plant, accounting for 
32% of the persons with high frequency 
and disability rates in contrast to 23% for 
the total plant population. Moreover, a 
larger part of each total group is under 
45 years of age than is true for the total 
plant—75% of the group with the highest 
frequency rates and 60% of the group with 
the highest disability rates, compared with 
53% of the total employee group. Both 
older men and women make a greater con- 
tribution to high disability rates than they 
do to high frequency rates. For the female 
group contributing to the high disability 
rates, women 45 and over are a greater per 
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TABLE 2.—Characteristics of Firm Population and of Absentees, by Age and Sex 


Persons Who 
Lost Time 


Persons with 
Highest Frequency 
Rate 


Persons with 


Total Firm Highest Disability 
Rate 


Per Cent No. 
of Total 


Per Cent No. 
of Total 


Per Cent No. 
of Total 


Per Cent 
of Total 


Total plant 
Under 45 
45 and over 


Men 
Under 45 
45 and over 


Women 
Under 45 
45 and over 


cent of the group than all women 45 and 
over are of the entire plant (Table 2 and 
Fig. 1). 


Absence Rates 


Frequency Rate.—The average frequency 
rate of absence for the entire firm during 
1953 was 1.1 absences per employee per 100 
scheduled workdays or roughly 2.5 absences 
per year. Though the numerical spread in 
rates computed for different age groups is 
not great, the rates clearly decrease as age 
increases. For workers under 35 years of 
age the average rate is 1.7, while for the 
age group 55 and over it is less than one- 
half this figure, or 0.7. For the entire plant 
the average frequency rate for those under 
45 is 1.3, and for those 45 and over it is 0.8. 
The decline in the frequency rate with age 
can be explained by the fewer short-term 
absences of older persons. The frequency 


of absences lasting six days or more does 
not vary with age (Table 3 and Fig. 2). 
The average frequency rate for women 
is higher than that for men, whether the 
two groups are compared as a whole or 
whether the comparison is made holding age 
constant. For each sex older workers have 
a lower frequency rate than their younger 
counterparts. For all men the average rate 
is 1.0 time per 100 scheduled workdays, and 
for women it is 1.4 times. The average rate 
for male workers over 45 is 0.7, and for 
women it is 1.1, contrasting with 1.2 and 
1.6 for male and female workers under 45 
years of age, respectively (Table 4). The 
findings support the general view that fre- 
quency rates are higher for women than for 
men.|| This is understandable since the male 
group includes a high proportion of married, 


|| Kossoris, M.: op. cit., p. 17. 
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Fig. 1—Per cent of 
male and female em- 
ployees, by age, in total 
firm, and in groups, with 
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TaBLe 3.—Absence Rates * for Total Firm, by Age and Length of Absence 


Frequency Ratest 


Disability Ratest Severity Rates§ 


Total 1Day 25 6 or 
Days More 
Days 


“otal 1Day 25 Total 1Day 25 60r 
D Da 


ays More ys More 


Total plant 0.6 1 
Under 35 17 1.2 
35-44 11 0.6 
45-54 0.8 0.4 
55 and over 0.7 0.3 


*The Soeneny sok disability rates in the Table were each derived from ng original data. The severity rate was computed from 
these two rates. 


FR = DR+SR 
DR = FRxSR 
SR = DR~+FR 


Average length of time lost per absence. 


long-service employees, almost half of whom 
are 45 and over, while the female group has 
a large component of young, single, clerical 
workers with a short length of service with 
the company. 


— — 6 doys or more 
—— 2-5 doys 


FREQUENCY RATE 


AGE 


Fig. frequency rate for entire 
firm, by length of absence and age (average 
number of absences per employee per 100 sched- 
uled workdays). 


Partly because of differences in the com- 
position of the two groups, making compari- 
son between them difficult, and partly 
because of the large number of male em- 
ployees, attention was directed to an inten- 
sive study of the male group alone. The 
large number in the group permitted male 
workers to be classified as hourly rated or 
salaried, by occupational grouping, by 
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owever, each rate is derivable from the other two as follows 


+Average number of absences per employee/ per 100 scheduled workdays. 
Average number of days absent per employee per 100 scheduled workdays. 


length of service with the firm, by marital 
status, and by number of dependents. 

A study of the frequency rates by these 
classifications yielded three conclusions. 
First, within any single category the fre- 
quency of absence was always less among 
those 45 and over than it was among those 
under 45. For example, the average fre- 
quency rate for hourly rated male employees 
under 45 was 1.3 compared with 0.8 for 
hourly rated employees 45 and over. Thus, 
the finding for the plant as a whole that 
older employees have fewer absences was 
not altered when specific groups within the 
plant were singled out for study (Table 4). 

Equally important was the second obser- 
vation—that, if age were held constant, fac- 
tors that heightened an employee’s sense of 
responsibility, whether caused by circum- 
stances relating to his job or to his personal 
life, were reflected in lower frequency rates. 
Thus, the average frequency rate for sal- 
aried workers under 45 years of age was less 
than that for hourly rated employees under 
45. Among hourly rated employees the rates 
declined as occupational status increased. 
Although the findings with respect to length 
of service were consistent with this general 
statement, interpretation was somewhat 
more complicated. In the group under 45 
the median age rose as length of service 
increased; thus, the lower frequency rates 


may reflect the increase in age as well as a 
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TABLE 4.—Frequency and Disability Rates, Total by Age and Sex, Men by Age, 
Occupational and Personal Characteristics 


Frequency Rates 


Disability Rates 


Total 
Group 45 


Under 45 and 


Over 


Total Under 
Group 45 


45 and 
Over 


I. All employees 
Men 
Women 


II. Male employees wage payment 
Hourly rated 
alaried 


Occupation 
Prof., man., cler. 
Skilled 
Semiskilled 
Unskilled and service 


Length of service 


Marital status 
Married 
Single, wid., div. 


Dependents, No. 
0 dep. 


aoe 


trio moo 


wo 


ons 


13 08 3.4 3.7 3.2 
1.2 0.7 3.0 3.4 2.6 
1.6 1.1 5.0 4.6 54 


“an 
ww 


oe 


9000 
bo io 
nd 
= 
bo be be 


1.1 0.7 2.7 3.2 2.2 
1.6 0.8 3.5 39 3.0 
19 0.6 3.4 4.0 2.7 
1.2 0.7 3.0 3.7 2.7 
1.0 0.9 238 3.0 2.5 


greater sense of job responsibility resulting 
from longer service with the company. For 
the older age group the median age did not 
change appreciably as length of service in- 
creased. However, while the frequency rate 
for all male workers decreased between the 
group having 5 to 14 years of service and 
those working for the company 25 or more 
years, it was also slightly lower for persons 
with less than 5 years of service with the 
company than it was for those with 5 to 
14 years. The difference in rates is small, 
but any significance it may have is probably 
explainable in part by the insecurity that 
the older employee feels and by his desire 
to prove himself a “good” employee on his 
new job. What appears at first to suggest 
a contradiction to the original statement 
may be just another reflection of it. In the 
long run, while responsibility to the job is 
greater as length of service increases, the 
older short-term employees, because of their 
greater insecurity, may evidence more re- 
sponsibility toward the job than the older 
long-term employees. The lower frequency 
rate may also be a reflection of the employ- 
ment policies of the firm, since, on one hand, 


through preemployment physical examina- 
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tions older applicants with serious disabili- 
ties are barred from employment, while, on 
the other hand, permanent employees in 
the same age bracket who develop a dis- 
ability are kept on. 

The personal characteristics of male em- 
ployees also reveal interesting results. It 
was found that younger married workers 
had a lower frequency rate than single, 
widowed, or divorced workers. For employ- 
ees under 45 the average frequency rate 
decreased as the number of dependents in- 
creased, the highest rate being found in the 
group with no dependents. No such clear- 
cut pattern was found for workers 45 and 
over in either of these two categories. Thus, 
while personal characteristics affecting re- 
sponsibility appear to lower the absence rate 
of the younger workers, a similar effect on 
work attendance is not apparent in the older 
worker group (Table 4). 

The third conclusion then can be briefly 
stated: Although the generalization about 
frequency rates and responsibility applied to 
both employees under 45 and those 45 and 
over, the spread or variability in rates, in 
general, is greater among the younger age 
group. For example, there is a difference 
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of 1.2 in the average frequency rate be- 
tween unskilled and skilled workers under 
45 and a 0.6 spread in the group 45 and 
over. The consistency of this finding in 
each of the categories leads to a further 
conclusion that age itself may be an impor- 
tant determinant of responsibility on the job. 
Factors that otherwise contribute to a great- 
er sense of responsibility become less im- 
portant in the older person who simply 
because he is older is a more reliable em- 
ployee in terms of work attendance. Factors 
that add to the responsibility of a younger 
person and improve his work attendance may 
be less important for the older worker whose 
rates show less variability among groups 
classified by occupation and personal char- 
acteristics. 

Disability Rate.—The disability rate, 
which measures the average number of days 
of absence per employee per 100 scheduled 
workdays, reflects both the frequency and 
the average duration of absences. Thus, for 
two workers experiencing the same fre- 
quency of absence, the disability rate will 
be higher for the one whose average dura- 
tion of absence is higher. The disability 
rate will always rise with a higher severity 
rate, unless this is compensated by a lower 
frequency rate. Older persons are known 
to have higher severity rates than younger 
persons, because their illnesses, though less 
frequent, tend to be more serious and to 
require a longer recuperative period.{ It 
would not be surprising if this fact were 
reflected in higher disability rates for older 
persons. 

In this firm it was found, as expected, 
that the severity rate increased with age, 
from a rate of 2.4 days per absence for those 
under 35 to a rate of almost 5 days per 
absence for those 55 and over. However, 
because of the lower frequency rates in the 
older age groups, up to age 55 the average 
disability rate actually decreased, while for 
those 55 and over the rate increased. This 
finding, although not conclusive, makes ques- 
tionable the assumption that symptoms of 


/ Gafafer, W. M.: op. cit. p. 443. 
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age, as evidenced by increased absenteeism, 
begin with age 45. Experience in the firm 
suggests that a more valid dividing line 
might be from age 55. For the plant as a 
whole the average disability rate was 3.4 
days per 100 scheduled workdays or about 8 
days per year. By age categories it had a 
range from a low of 2.9 days per 100 sched- 
uled workdays for those 45 to 54 to a high 
of 4.0 for those less than 35 years of age. 
The decreasing disability rates for short- 
term absences, as age increased, helped to 
compensate for the generally high rates for 
older workers for absences lasting six days 


or more (Table 3 and Fig. 3). 


DISABILITY RATE 


we 
St ft 


AGE 


Fig. 3.—Average disability rate for entire firm, 
by length of absence and age (average number 
of days absent per employee per 100 scheduled 
workdays). 


The rates show marked differences by 
sex. The disability rates for women were 
higher than the comparable rates for men. 
The male group averaged 3.0 days per 100 
scheduled workdays (about 7 days per 
year), and the female group 5.0 (about 12 
days per year). The lowest rate was for 
men 45 and over—2.6. Older women had a 
lower frequency rate than younger women. 
However, they had a higher severity rate, 
thus causing their disability rate to be higher 
than that of the younger female group. The 
figures suggest one important source of 
labor cost to be considered in hiring women 
and point to the need for further study of 
their absence experience. Unfortunately the 
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size of the group in this firm did not permit 
a more thorough analysis (Table 4). 

In the male employee group it was found 
that the conclusions about frequency rates 
also had validity when applied to the dis- 
ability rates. Except for the breakdown ac- 
cording to length of service, employees 45 
and over had lower disability rates than the 
comparable male group under 45. More- 
over, when younger and older workers were 
considered separately, the disability rate was 
lower in the subdivisions of each category 
associated with greater job or personal re- 
sponsibility. The disability rate for all sal- 
aried workers was 1.7 as compared with 
3.2 for hourly rated employees; for those 
under 45 the rates were 2.0 and 3.4, respec- 
tively, and for those 45 and over they were 
1.4 and 3.0. Similarly, as occupational status 
increased, the rates decreased and were low- 
est for the professional, managerial, and 
clerical group. They decreased with an in- 
crease in length of service for younger 
workers, but no clear pattern was discern- 
ible for workers 45 and over. In this latter 
group the reason for the low rate for em- 
ployees with less than five years of service 
has already been suggested. It should be 
noted that, despite the rise in the rate for 
older employees with 5 to 14 years of serv- 
ice, the rates again fell for workers with 
more than 15 years service and were lower 
than the rates for younger employees with 
less than 15 years with the company. With 
respect to personal characteristics the aver- 
age disability rates were lower for married 
than for single, widowed, or divorced work- 
ers. They decreased as the number of de- 
pendents of the worker increased. 

The observation made with respect to 
variation or spread of frequency rates within 
each category in which the age is held con- 
stant is also generally true for disability 
rates. The figures suggest that length of 
service and occupational grouping are again 
less important contributing factors to a 
lower disability rate in the older group. The 
implication is that there may be an advan- 
tage to be gained in employing older work- 
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ers in unskilled jobs, since their disability 
rate is only two-thirds that of the younger 
age group. The advantage would undoubt- 
edly be even greater if relatively short-term 
employment were anticipated. 
Characteristics of Absences by Length— 
Absence rates discussed thus far give a good 
picture of the average frequency and dura- 
tion of absences of different employee 
groups. They do not provide information on 
the relative importance of very short ab- 
sences as compared with those lasting more 
than one week, nor do they indicate reasons 
for absence. Information on each of these 
questions is of interest to a management 
concerned with minimizing labor costs. It 
is of aid in developing policies designed to 
reduce unnecessary absences and in esti- 
mating costs incurred as a result of both 
short-term and long-term absences. 
Absences from work in the firm during 
1953 were classified as one-day absences, 
absences of two to five days, and absences 
lasting six or more days. Comparison of 
the number of absences and number of days 
lost from work was thus possible by age 
groups and according to the length of the 
absence. Since the firm recorded the rea- 
sons for absences of six days or more, these 
too were available for analysis. Absences 
of one day were singled out for special study 
to see what groups were responsible for the 
very numerous short, but none the less im- 
portant, disruptions to production plans. 
For the entire firm 59% of the absences 
were single-day absences ; 31% lasted two to 
five days, and 10% were for six days or 
more. One-half of total time lost was ac- 
counted for by the 10% of absences which 
lasted six days or more. Of these longer ab- 
sences 77% were caused by nonoccupational 
illness, 7% by nonoccupational accident ; 
14% were due to personal reasons, and 2% 
to other reasons including occupational acci- 
dents. The over-all experience of the male 
and female populations was quite similar, 
but there was a marked difference in the 
comparative experience of the younger and 
the older age groups. In each sex the find- 
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Taste 5.—Number of Absences and Days Lost, by Age, Sex, and Length of Absence 


Total Firm 


Men Women 


Under 
45 


I. No. of absences 


6 or more days 


Per cent of total 
Total absences 
l day 
2-5 days 
6 or more days 


Per cent in each eategory 
absences 
1 da 
2-5 
6 or more days 


. Days of absence 
Total days, no. 


6 or more days 


Per cent of total 


bees 


6 or more days 


Per cent in each category 


45 and 


Under Under 
45 


wees 


ings for workers under 45 were different 
from those for persons 45 and over. This 
information is presented in Tables 5 and 6. 

Table 5 shows that for both the male and 
the female groups about 10% of the ab- 
sences lasted six days or more, and for both 
groups these absences accounted for 50% 
of total time lost. Moreover, for each sex 
there is an increase in the proportion of 
older workers contributing to the absences 
and to total days lost as the length of ab- 
sence increases. For workers 45 and over a 
higher percentage of all days lost is ac- 
counted for by absences lasting more than 
one week than for the younger age group. 
The chief difference in the findings for men 
and women is the less favorable experience 
of older women, not only when compared 
with younger women but also when com- 
pared with older men. Twenty per cent of 
all absences of older women were for six 
days or more compared with five per cent 
for younger women and eight per cent and 
sixteen per cent for younger and older 
men, respectively. Of all days lost, for older 
women 64% were contributed by these ab- 
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sences as compared with 57% for older men. 
No difference in the relative importance of 
days lost for these absences existed between 
younger men and younger women. More- 
over, although women 45 and over con- 
stituted 43% of the female population in the 
firm, they accounted for 66% of absences of 
more than six days and for 53% of time 
lost because of these absences. Men 45 and 
over comprised 48% of the male population, 
and their number contributed 54% to the 
longer absences and 47% of days lost owing 
to these absences. 

Table 6, which shows the reasons for ab- 
sences of more than six days, permits a 
comparison by age for the total firm and 
for the male group alone. The number of 
female cases in each category was too small 
to permit a meaningful interpretation. The 
figures show nonoccupational illness to be 
the most important single cause of absence 
for workers of each age group. Nonoc- 
cupational accidents and personal reasons 
were more than twice as important as a 
cause of absence for the younger group than - 
they were for persons 45 and over. 
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TABLE 6.—Absences of Six Days or More, Total and for Men by Age and Reason 


Total Firm 


Under 
45 


Of these data perhaps the most impor- 
tant is that, although older workers lose a 
higher proportion of their time in absences 
of six days or more, they do not contribute 
proportionately more to total days lost for 
these absences than would be expected from 
their representation in the male population. 

Since the long-term absences of older em- 
ployees do not contribute disproportionately 
to total time lost, the relevant question is: 
Why are short absences more prevalent 
among workers under 45? What are their 
causes? Are they unavoidable? Since it has 
been shown that short absences are less com- 
mon among workers over 45 and that per- 
sonal reasons are oftener given by younger 
workers to explain absences of more than 
six days, there is an implication that per- 
haps absence experience of the younger 
group is not as low as it might be. Further 
investigation into the reasons for short ab- 
sences and analysis of the personal reasons 
for longer absences might yield interesting 
information on this point. 

Single-Day Absences.—Single-day ab- 
sences in the firm were examined in some 
detail, and several interesting findings 
emerged. The experience of salaried and 
hourly rated employees was separated, since 
it was thought that the more comprehensive 
sick benefit plan for salaried employees, 
which pays benefits from the first instead of 
the sixth day of illness, might influence the 
number of one-day absences. The frequency 
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rates for men and women in the two age 
groups were computed for special-category 
one-day absences occurring before or after 
a week end or holiday and for all other 
single-day absences. Special-category single- 
day absences were related to a base figure 
equal to the number of special-category 
working days in the year, so that the rate 
reflects the frequency of absence per em- 
ployee per 100 special-category working 
days. Similarly, the rate of other single-day 
absences measures their frequency per em- 
ployee per 100 scheduled working days, ex- 
cluding the special-category days. The 
frequency of all single-day absences per 
employee was expressed per 100 scheduled 
working days. Since in the special-category 
working days it was noted that Friday was 
payday for hourly rated employees, the 
question arose as to whether this fact in- 
fluenced absences on that day. No sig- 
nificant difference between Monday and Fri- 
day absences was found. The conclusion, 
therefore, was that for this firm, contrary 
to impressions reported in other studies, pay- 
day did not seem to affect absence expe- 
rience. The finding was somewhat influ- 
enced by the fact that workers on the third 
shift were paid Thursday night instead of 
Friday. 

A study of the computed rates indicated 
that salaried workers had a lower frequency 
rate of single-day absences than hourly 
rated employees despite the more liberal 
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provisions of their sick benefit plan. An 
equally important finding, supporting earlier 
evidence, was that for each male and female 
group, both hourly rated and salaried, the 
rate of single-day absences was lower for 
those 45 and over than for persons under 
45. This was true for both special-category 
and other single-day absences. Also, within 
the hourly rated group the frequency rates 
for special-category single days were slightly 
higher than the rates for other one-day ab- 
sences. For hourly rated women under 45 
the rate was twice as high. There was no 
clear difference between the rates in these 
two categories in the salaried groups. In 
view of the earlier discussion with respect 
to the influence of age and responsibility 
on absence rates, these observations are not 
surprising. But they do provide interesting 
corroborative evidence to the generalizations 
already made that rates tend to be lower for 
older persons and for those whose job 
responsibility is greater. The figures are 
presented in Table 7. 


Summary and Conclusions 


The results of a study of absence ex- 
perience in a firm of 619 employees are 
reported here. A comparison of different 
groups within the firm was made with spe- 
cial reference to the possible effect of age 
on the frequency of absence per employee 
per 100 scheduled workdays (frequency 
rate) and on the number of days lost from 
work per employee per 100 scheduled work- 
days (disability rate). Since different 
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physical and,environmental factors affect 
men and women, the two groups were 
analyzed separately. The large number of 
male employees permitted a more detailed 
analysis and intensive study of group ex- 
perience for the men in contrast to the 
women. 

Findings may be summarized as follows: 

1. Lost time from work as*a problem re- 
lates to a few workers rather than to many. 
One-fourth of the employees experienced no 
absence during the entire year, while less 
than one-fifth of the workers with the high- 
est frequency and disability rates accounted 
for more than one-half of the absences and 
days lost. All workers under 45 made a 
more than proportionate contribution to 
these groups with high absence experience. 
A similar finding was made for women 
when the groups were classified by sex. 

2. For the firm as a whole the average 
frequency rate was 1.1 absences per em- 
ployee per 100 scheduled workdays or about 
2.5 absences per year. The average dis- 
ability rate was 3.4 days lost per employee 
per 100 scheduled workdays or about 8 
days per year. Both frequency and dis- 
ability rates decreased with age, except that 
owing to greater severity of illness for 
older workers, the disability rate increased 
in the age group 55 and over. Sixty-four 
per cent of absences were for single days, 
and ninety-two per cent lasted less than one 
week. Although only 8% of the absences 
lasted six days or more, they accounted for 
one-half of all time lost. Over three-fourths 
were caused by nonoccupational illness. 


TABLE 7.—Frequency Rate of Single-Day Absences, Hourly Rated and Salaried 
Employees, by Age and Sex 


Salaried Hourly Rated 
Total Special Other Total Special Other 
Category Category 
Total plant 0.5 0.5 0.6 0.8 0.5 
45 0.8 0.7 0.8 0.9 10 0.8 
45 and over 0.2 0.2 0.4 0.5 63 
Men 0.4 0.3 0.7 0.8 0.6 
Under 45 0.6 0.6 05 0.9 1.0 0.8 
45 and over 0.1 0.1 0.4 0.5 0.3 
Women 0.7 0.8 0.6 0.9 0.4 
Under 45 09 0.9 1.0 1.2 1.7 08 
45 and over 0.4 0.3 04 0.4 0.5 0.2 
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Fourteen per cent were due to personal 
reasons. 

3. For the entire male group the average 
frequency rate was 1.0 absence per employee 
per 100 scheduled workdays, and the average 
disability rate was 3.0 days lost per em- 
ployee per 100 scheduled workdays. Older 
age was correlated with lower frequency and 
disability rates, with the one exception that 
the average disability rate increased for the 
age group 55 and over. The rates were also 
generally lower for older workers when a 
more refined classification of workers was 
made according to job or personal char- 
acteristics. While factors that resulted in in- 
creased job or personal responsibility were 
correlated with lower rates for younger 
workers, for workers 45 and over age itself 
appeared to be a factor in keeping rates 
uniformly low. Men 45 and over were al- 
most 50% of the total male group, and yet 
the group accounted for less than one-third 
of one-day absences and only two-fifths of 
absences of two to five days or six days 
or more. When absent the group tended to 
stay out for longer periods of time. Despite 
this, the proportion of time lost by this 
group because of these longer absences was 
no greater than would be expected on the 
basis of the representation in the firm. Per- 
sonal reasons and nonoccupational accidents 
were a less important cause of absence for 
older workers than for workers under 45. 

4. For women the average frequency rate 
was 1.4 absences per employee per 100 
scheduled workdays, and the average dis- 
ability rate, 5.0 per employee per 100 sched- 
uled workdays. Women had a distinctly less 
favorable absence record than men, and this 
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was particularly true for the group of 
women over 45. However, the small num- 
ber in the older age group and the unique 
composition of the female group as a whole 
made generalizations on the basis of the find- 
ings difficult. 

The statistical record clearly supports a 
positive finding that the absence experience 
of workers 45 and over does not compare 
unfavorably with that of workers under 45. 
A considerable number had no absences at 
all during the year, and even among those 
with the highest absence rates they made a 
less than proportionate contribution. With 
respect to absence experience, which is one 
factor affecting labor costs, the average fre- 
quency and disability rates of the group 
aged 45 and over were not sufficiently lower 
than the younger group to be statistically 
significant. However, the slight difference 
emphasizes the point that the work expe- 
rience of the older worker is certainly not 
worse than the younger and suggests that 
it may even be better. An increased aware- 
ness of the production needs of the firm, 
a decreased concern for minor ailments, and 
a greater sense of responsibility in reporting 
for work may be qualities that become most 
important with advancing years and produce 
the kind of experience this study found to 
prevail. In any case the findings should help 
lay to rest one unjustified myth about the 
older employee’s ability to work and should 
help give him a more equal status in com- 
peting for available jobs. 

Phyllis Green, A.B., Research Assistant, and 
Carol Becker, A.B., formerly’ Statistical Clerk, 
assisted in the preparation of the material for 
this paper. 
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Heinz-Body Formation After Exposure to Aniline and 


to 2,4-Dichlorophenol 
Role of Catalase and Peroxide 


LADISLAUS MAGOS, M.D., Budapest 


Catalase-inhibiting poisons do not always 
produce symptoms to be expected by reduc- 
ing the protective effect of catalase. Cya- 
nide, for example, an intense catalase- 
inhibiting poison,’ does not produce Heinz 
bodies,” although Heinz-body formation oc- 
curs in vitro by adding hydrogen peroxide 
to red blood cells.* The probable cause of 
this phenomenon is that cyanide has a harm- 
ful effect on the peroxide-generating sys- 
tem, and therefore exogenous peroxide is 
needed for the formation of Heinz bodies. 

One of the most intensive catalase poi- 
sons, 2,4-dichlorophenoi,*® likewise does not 
produce Heinz bodies in vivo. Examining 
workers from a 2,4-dichlorophenol process- 
ing plant, we found neither cyanosis nor 
Heinz bodies, and Deichmann does not re- 
port such symptoms in his experiments on 
rats receiving a lethal dose. In my own 
experiments I did not observe Heinz bodies 
in rabbits poisoned with 2,4-dichlorophenol 
at all.? This is all the more surprising as 
Brenner and Allison, in their in vitro ex- 
periments, observed extensive Heinz-body 
formation as the result of 105 M 2,4-di- 
chlorophenol.6 Accordingly, 2,4-dichloro- 
phenol does not inhibit the peroxide 
formation which is necessary to Heinz-body 
formation, and that is why we have to 
search for another reason to explain the 
negative results obtained in vivo. 


Accepted for publication Nov. 9, 1956. 

State Institute of Occupational Medicine, De- 
partment of Industrial Hygiene. 

Owing to the international situation, the original 
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The aim of our experiment has been to 
clarify the contradiction between the cata- 
lase-inhibiting effect of 2,4-dichlorophenol 
and the lack of symptoms, which might be 
referred to the effect of catalase inhibition. 
In our experiments we compared 2,4-dichlo- 
rophenol with aniline, which compound is 
well known for extensive Heinz-body pro- 
duction as well as methemoglobin forma- 
tion.® 


Method 


We determined the catalase-inhibiting effect of 
the two compounds by the method of Goldacre 
and Galston,* with the modification that we used 
as catalase, red blood cell hemolysate of the rab- 
bit (75-100 times dilution of washed red blood 
cells). One-tenth milliliter of red blood cell hemo- 
lysate (catalase) was added to a series of flasks 
with 18.9 ml. of 0.1 M phosphate buffer, pH 6.9, 
containing known concentrations of aniline or 
2,4-dichlorophenol. The solutions were incubated 
for 30 minutes in an ice bath, after which the con- 
tents of a vial containing 1.0 ml. of 0.1 M H:Os 
were poured into each flask and mixed vigorously. 
The reaction was stopped after 30 minutes by the 
addition of 10 ml. of 2 N H:SQ,. The residual 
hydrogen peroxide forming a yellow color with 
titanium sulfate was measured with a Pulfrich 
photometer.* Taking into account the variation 
of the optical density of the HsO.-Tis(SOx)s 
complex with temperature,” the samples were kept 
for 15 minutes in a water bath at 19-20 C before 
photometric estimation. 

Approximately 0.2 ml. of rabbit red blood cell 
hemolysate of about 0.0500 activity + and 2.0 ml. 
of 0.2 M HzOs were added every 30 minutes either 


* Filter $47, d=1 cm. 
+ Catalase activity—logi 


3 . 
Xo=substrate concentration at zero minute. 
X+=substrate concentration at end of third minute. 
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to 30 ml. of 10° M aniline in pH 6.9 phosphate 
buffer or to 1.6X10° M 2,4-dichlorophenol solu- 
tion. After two, four, and six hours the mixture 
was made up to 60 ml. with buffer solution. To 
inactivate catalase, it was kept in a water bath 
at 65 C for 20 minutes. Thereafter the solution 
was filtered. As a result of the procedure, if 
either aniline or 2,4-dichlorophenol had remained 
unchanged, we could determine 5X10* M analine 
or 8X10° M 2,4-dichlorophenol. With 18.9 ml. 
of each, we performed the determination of cata- 
lase as usual. 


Results 

As a result of our experiments we have 
established that aniline at 1-2X10-* M 
concentration and 2,4-dichlorophenol at 8-9 
<10-® M concentration inhibit catalase 
activity about 50%. As we mentioned pre- 
viously, 2,4-dichlorophenol, in spite of its 
intensive catalase-inhibiting effect, does not 
show in vivo symptoms which could be 
considered as catalase inhibition. On the 
other hand, aniline, though it is a very mild 
catalase-inhibiting poison, is in vivo a good 
methemoglobin-forming substance, and in 
case of aniline exposure Heinz-body forma- 
tion is also a frequent symptom. 

Further experiments have enabled us to 
explain this contradiction. By adding per- 
oxide and catalase continually to an aniline 


% hours 


The inhibitory effect of aniline and of 2,4- 
dichlorophenol. 
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solution, a compound results which has a 
more marked catalase-inhibiting effect than 
the original aniline solution; 2,4-dichloro- 
phenol, on the contrary, in similar circum- 
stances is transformed into an essentially 
inactive compound. Results are seen in the 
Figure, where the catalase inhibition at the 
beginning of the experiment is 100, show- 
ing that the inhibitory effect of aniline 
doubles at the end of the fourth hour and 
that at the same time the inhibitory effect 
of 2,4-dichlorophenol decreases to nearly 
one-tenth, 


Comment 


Rona and associates’ demonstrated that 
cyanide inhibits catalase reversibly. Regard- 
ing this action, they stated that compounds 
formed from cyanide have a less inhibitory 
effect. The decrease in activity of the cata- 
lase-inhibiting compound is, of course, not 
the only metabolic pathway. In the case of 
aniline we found that the increased inhibi- 
tory effect can be explained only by the fact 
that aniline—meanwhile inhibiting catalase 
—is transformed in consequence of the 
peroxide activity. Several authors 1** have 
described the oxidation of aromatic amino 
compounds as the effect of peroxidase and 
peroxide, and it is probable that in our ex- 
periments the peroxidative reaction of ani- 
line is the chief mechanism as well. Keilin 
and Hartree * have shown that in certain 
circumstances catalase also has a peroxidase 
effect. 

It is questionable whether the transfor- 
mation could be a direct peroxide effect, 
because Keilin and Hartree ® found that in 
the case of the peroxide-generating system, 
if catalase is not present, the peroxide ac- 
cumulates whether a substrate is present or 
not. Mann and Saunders ** exposing aniline 
and Udenfriend and associates '* acetanilide 
to the effect of peroxide found that peroxide 
alone does not change these compounds. 
Consequently the possibility of the reaction 
being a direct peroxide is small. 


The peroxidative oxidation of aniline is 
obvious, because in the intoxication caused 


149 


ag 
2.4- 
incubation 


A, M. A. ARCHIVES OF INDUSTRIAL HEALTH 


by aniline it is not aniline itself which has 
the chief role but its oxidation products. 
According to some authors 17-18 the p-amino- 
phenol-quinone-imine system and according 
to the phenylhydroxylamine- 
nitrosobenzene system have the chief role. 
The catalase-inhibitory effect of p-amino- 
phenol as well as of phenylhydrazine sur- 
passes that of aniline. 

From our experiments we can conclude 
that catalase has an important role in in- 
creasing the toxicity of aniline, and as a 
result of the mutual effect of catalase, per- 
oxide, and aniline, catalase inhibition in- 
creases. 

A different process occurs with 2,4-di- 
chlorophenol where the catalase-inhibitory 
effect, probably as a result of the peroxida- 
tive oxidation of 2,4-dichlorophenol, 
decreases. Keilin and Hartree }® have em- 
phasized that catalase is able to catalyze 
the coupled oxidation of different phenols. 

On the basis of our investigations, there- 
fore, the contradiction between the catalase- 


inhibitory effect and the characteristic toxic 
symptoms of aniline and 2,4-dichlorophenol 
can be explained by the change in the cata- 
lase-inhibitory effect as a result of the 
peroxidative oxidation of the two com- 


pounds. Our experimental methods are 
suitable to examine the changes occurring 
in the catalase-inhibitory effect of other 
compounds too. 

It is worth mentioning that, since we used 
red blood cell hemolysate as catalase, other 
hemeproteins besides catalase (for example, 
methemoglobin) possibly have a role in the 
process too, but their role alongside that of 
catalase is of smaller significance. 


Summary 


As a result of the mutual effect of cata- 
lase, aniline, and peroxide, the catalase- 
inhibition is increased. 

As a result of the mutual effect of cata- 
lase, peroxide, and 2,4-dichlorophenol, the 
catalase-inhibition is decreased. 

These results explain the formation of 
Heinz bodies in the blood after exposure 
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to aniline but not after exposure to 2,4-di- 
chlorophenol. 


Mrs. N. Emst rendered technical assistance. 
Nagyvarad tér 2, Budapest IX, Hungary. 
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Electrochromatography of Boron 


WILLIAM H, HILL, Ph.D.; JEAN M. MERRILL, B.S., and BETTY J. PALM, B.S., Pittsburgh 


The industrial hygiene aspects of boron 
compounds have been ignored in the past, 
because the only materials generally consid- 
ered to be encountered were boric acid and 
borax whose toxicity has generally been 
considered to be insignificant. However, in 
the past few years the chemical industry 
has branched out into the manufacture of 
classes of boron compounds which, while 
known to a few research workers, have 
received no industrial attention before and 
whose toxicological properties have been 
largely unknown. Most prominent among 
these new compounds are the boranes, com- 
posed of boron and hydrogen, and the or- 
ganic esters of boric acid. 

While the production of many of these 
materials is still in the experimental and 
pilot-plant stage, manufacture on a large 
scale is foreshadowed by an_ increasing 
number of publications and by the fact 
that gasoline containing boron (presumably 
organic) is widely advertised. A significant 
pointer in the direction of vastly increased 
production and use is contained also in re- 
cent news items and business articles in 
Chemical and Engineering News.** 

That some of these newer boron com- 
pounds are definitely hazardous and cannot 
be ignored by the industrial hygienist is 
clearly shown by Rozendaal,” Krackow,® 
and Svirbely.*"* Their analysis usually in- 
volves the determination of the borate ion, 
the final product of oxidation or hydrolysis 
of the boranes as well as the borate esters. 

In our work on the toxicology of boron 
compounds we have increasingly felt the 
urgent need for a rapid and simple method 
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of borate analysis that would permit the 
massive accumulation of data on a routine 
basis. This problem became especially vital 
in the area of biological materials, such as 
tissues of various kinds, blood, and urine. 
The necessary dry or wet ashing of such 
materials brought with it the danger of 
boron tosses by volatilization or formation 
of boron carbides, except when using an 
alkaline digestion method. Moreover, the 
methyl borate distillation step, which is used 
for the separation of borate from contami- 
nants, is very tedious, usually leads to low 
and inconsistent results, and is burdened 
by the need for expensive all-quartz distilla- 
tion equipment. These considerations, plus 
the requirement, on the average, of one 
and one-half man-days for a determination 
of boron in biological materials, caused us 
to search for a better method. 

Electrochromatography was picked as a 
tool that was likely to offer good chances 
for meeting the several desiderata enumer- 
ated. While it has been used principally 
for the separation, identification, and prep- 
aration of organic materials, its application 
to inorganic compounds is perfectly logical 
and has indeed been reported frequently. 
To our knowledge it has not been used for 
the separation of borate from other ions or 
for the quantitative determination of the 
isolated borate ion. Boron has been deter- 
mined quantitatively by simple chromatog- 
raphy,!®> without the use of the electric 
current, in which case the paper sheet was 
cut up after separation of the ions, the 
boron fraction eluted from the paper piece 
and then determined in solution by regular 
colorimetry. This method introduces un- 
desirable dilution, with corresponding low- 
ered sensitivity, and it employs awkward 
manipulative steps. 
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It was our thought that ideally the borate 
ion could be separated from contaminating 
materials of organic or inorganic nature by 
paper strip electrochromatography, or iono- 
phoresis, and that the borate thus separated 
could be determined right on the paper 
strip by spraying it with an appropriate 
color producing reagent. It was postulated 
that the color thus produced could be evalu- 
ated by visual comparison with standards or 
by the use of a densitometer. The first 
attempts in this direction gave very grati- 
fying results. 


Equipment and Reagents 


The apparatus used was the Paper Elec- 
trophoresis Apparatus manufactured by 
Biophysical Instruments, Inc., and sold by 
the Arthur H. Thomas Company in Phila- 
delphia (Fig. 1). It consists essentially of 
two electrode troughs (which are in them- 
selves divided by center plastic barriers, 
with the outermost sections carrying the 
platinum strip electrodes) and a center 
elevated platform which separates the elec- 
trode troughs. A plastic carrier fits over 
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the center platform and is used to hold the 
paper strips, the ends of which dip into the 
electrode troughs. 

The paper strips employed so far have 
been various grades of Whatman paper, 
with No. 1 the preferred grade. The width 
of the strips has varied from % in. to 1% 
in. The carrier can accommodate about 10 
of the former and about 4 of the latter. 
The strips should be 12 in. long. They come 
supplied as such in boxes, or they can be 
cut from rolls of 600 ft. length. With the 
latter very serious difficulties were encoun- 
tered, because the manufacturer apparently 
had employed a borax-preserved starch glue 
to fasten the end of the paper to the roll. 
The borax had penetrated for at least 30 
ft. of roll and spoiled all results. Cut paper 
from boxes was used thereafter exclusively. 

Micropipettes employed for the applica- 
tion of standards or unknowns to the paper 
strips were of the type of Arthur H. 
Thomas Transfer Pipette 8206-L, and the 
sizes were 10 cu, mm. and 25 cu. mm. (0.01 
and 0.025 ml., or 10A and 25A). They were 
used in connection with a mouthpiece and 
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Fig. 1—Paper strip electrophoresis apparatus used in the work. 
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rubber tubing, as is customary in serological 
work, and they were not “washed out” but 
rather used as “to deliver” pipettes. 

The color producing reagent was de- 
signed on the basis of the reagent specified 
by Naftel.1® It was prepared by contacting 
1 gm. of turmeric powder with 100 ml. of 
acetone for about two hours, filtering, and 
adding to the extract 40 ml. of a saturated 
solution of oxalic acid in water and 10 ml. 
of concentrated hydrochloric acid. 

Various buffer systems have been em- 
ployed, such as sodium acetate—acetic acid, 
sodium barbital—barbituric acid, sodium 
oxalate—oxalic acid, primary phosphate— 
secondary phosphate—sodium chloride, and 
potassium tartrate—tartaric acid. They 
were compounded in well-known manner 
from C. P. chemicals. At the present time 
the sodium oxalate—oxalic acid system is 
being favored. In one of its preferred form- 
ulations it consists of 1 part of 0.5 M oxalic 
acid solution and 10 parts of 0.1 M sodium 
oxalate solution and has a pH of 3.5. 


Procedure 


In running an ionophoresis test, the elec- 
trode troughs are filled with the selected 
buffer to the lines indicated on the cabinet; 
strips of paper are marked by pencil with 
a “start line” about 4 in. from one end and 
with identifying marks at either end. They 
are then dipped in the same buffer solution 
as is in use in the cabinet, excess buffer 
being blotted off between filter paper; they 
are placed on the plastic carrier frame so 
that they are taut (by stretching them 
across the frame and sticking their ends 
onto the sides of the frame); the carrier 
with strips is placed in the cabinet, the latter 
is closed with the lid, the current is switched 
on, and the strips are allowed to “condition” 
for one-half hour. This period serves to 
equalize the buffer content of the strips. 
In the particular case here under considera- 
tion, namely, the determination of borate 
ion, the start line of the strips should be 
away from the positive pole of the appa- 
ratus. After the conditioning period the lid 
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of the cabinet is removed, which breaks the 
electric current, and the standards of boric 
acid or the unknown solutions are placed 
on the start lines by means of micropipettes. 
Depending upon the concentrations of the 
unknowns, the width of the strips, and the 
kind of paper used, amounts ranging from 
10A-100A (0.01 to 0.1 ml.) of solution may 
be applied to one strip. Advantageously, 
three portions of 10A each are applied to 
the middle and the edges of the 1% in. 
strip at the start line to produce a band 
rather than a spot. Tools also exist for 
applying the total amount of solution uni- 
formly across the width of the paper, but 
we have not employed them as yet. 


Our primary concern has been with urine, 
which we have applied “as is.” In some 
cases urine was treated by the alkaline di- 
gestion method, referred to above,‘ prior 
to application to the paper strips, but this 
is not considered generally necessary. 


Boron is contained in urine largely in the 
form of borates which will migrate without 


difficulty. Tissue must be put into solution 
prior to ionophoresis. While we have pre- 
ferred the alkaline digestion method,"* there 
is no reason why acid digestion or dry 
ashing could not be used as long as potential 
losses, which are likely to be encountered 
with these methods, are recognized and 
borne in mind. Blood is best treated like 
tissue, though in many cases the plasma 
fraction can be applied directly, because it 
probably contains most of the boron, espe- 
cially in the case of control animals, and 
will yield useful results even without diges- 
tion. 

After the solutions have been placed on 
the paper strips, the cabinet is closed with 
the lid, and this turns the current on again. 
Ionophoresis is carried out, as an example, 
at 175 volts for one-half hour, though other 
voltages and other time periods (as little 
as five minutes) are applicable and have 
been used. Under these conditions the 
borate ion will travel about 20-40 mm. from 
the start line toward the anode. The carrier 
frame with the paper strips is now removed 
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from the cabinet, and the paper is allowed 
to dry at room temperature in horizontal 
position. Then the paper strips are hung 
up in a hood, and the turmeric solution is 
applied to both sides, alternately, making 
sure that the paper is well and uniformly 
impregnated without causing run-off from 
the paper. Any kind of atomizer may be 
used, either all-glass or glass-and-metal, 
such as the DeVilbis Atomizer 152. The 
sprayed paper strips are then allowed to 
dry in the hood. If the relative humidity 
of the air is high, it is desirable to warm 
up the air with the aid of Bunsen burners, 
hot plates, or infrared lamps to ensure the 
development of a proper color. It has in- 
deed been observed that on days of very 
high humidity no color at all appeared. 
Oven drying has been employed but has 
not been resorted to frequently on account 
of the corrosiveness of the hydrochloric 
acid fumes given off. There is little doubt 
that well-standardized temperature and hu- 
midity conditions would be found very 
advantageous, and this is one aspect of the 
whole problem which we hope to investigate 
further in the future. 


Results 


The red color bands thus produced are 
proportional to the amount of borate in the 
standards or unknowns, though we do not 
know as yet whether this is a straight-line 
relationship and, if so, over what range. 
It has been possible so far only to evaluate 
these bands visually by comparison with 
bands produced from standard solutions, 
and we have been able to detect as little as 
about 0.0ly of boron on the paper. Some 
of the results obtained are given in the 
Table. They show in a semiquantitative way 
that the method is capable of producing 
useful results in a minimum of time and 
that indeed it may be superior in depend- 
ability to customary methods of boron 
analysis. 

Figure 2 shows a set of “standards” 
such as are used in evaluating “unknowns.” 
Preferably they should be prepared fresh 
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Analyses of Biological Materials 


(All Figures Denote Micrograms of Boron per 
Milliliter of Urine or Tissue Hydrolyzate) 


1, Urine 
A. Urine of Rats Exposed to Boron Compounds 


tand Ionophoresis, 

Sample, Date Analysis, Methyl Range of 3 
and No. te M Observers 

11/15/55 1 2.1 2 
11/15/55 2 8.1 Ss 
11/15/55 3 5.9 6-7 
11/15/55 4 3.5 4 
11/15/55 6 11 1-2 
11/15/55 8 9.3 10 
11/15/55 10 8.0 s 


B. Urine of Men with Accidental Boron Exposure 


Sample hyl Ionophoresis 
mpile, Met 
No. Borate ‘Method 
M 16 0.9 1+ 
P 08 1- 
3.4 4+ 
C. Urine of Human Control 
Standard Analysis, 
Methyl! Borate Method Ionophoresis 
0.8; 0.9; 1.0 0.6-1.0 0.8-1.0 
W.H.H. GJI.L. 
interpreted interpreted 
2. Animal Liver Hydrolyzates 
Standard 
Analysis, Methyl Ionophoresis Remarks 
Borate Method 
4.5 5- Rats, B-exposed 
5.9 5+ Rabbit, B-exposed 
2.0 2- Rat, control 


daily and certainly whenever conditions of 
operation are changed in any manner. 
Eventually a set of “permanent color stand- 
ards,” e. g., in the form of plastic sheets 
or strips, might be developed. 


Comments and Observations 


The distance of travel of borate during 
the ionophoresis depends on a number of 
factors. Under the conditions employed in 
our work, it is not linear with time, but for 
a given time interval it is substantially 
linear with applied voltage. It also depends 
on where on the strip the solution is applied 
and to what extent the buffer was blotted 
off the strips preparatory to ionophoresis. 
The reason for these peculiarities most 
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probably resides in a certain wick effect,’* 
by which the ends of the paper strips soak 
up buffer from the troughs and cause mi- 
gration of fluid from the ends toward the 
middle of the strips. This effect would help 
the migration of anions to the anode when 
they are still close to the cathode but would 
hinder their travel as they approach the 
anode. The opposite effect would, of course, 
hold for the cations. As the anions ap- 
proach the anode, the wick effect becomes 
overpowering and will eventually push them 
back toward the cathode to a standstill. It 
has indeed been found that, if the solutions 
containing borate are applied to the paper 
strips close to the anode, they will actually 
travel toward the cathode, though for 
smaller distances and at slower speed. In- 
stead of postulating a wick effect, it could 
also be assumed that electroendosmosis 
might be the causative force, because it 
would tend to move water toward the cath- 
ode.*1® Appropriate tests with cations 
might permit a more intelligent choice to be 
made between the two effects, but we have 
not had the opportunity to investigate this 
angle in more detail. Moreover, in this 
method we are primarily interested in the 
total amount of red color produced, irre- 
spective of the place on the paper strip 
where it is found. The distance of travel 
is of importance only insofar as it may per- 
mit better or poorer separation of mixtures 
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Fig. 2.—Boron stand- 
ards, run 60 minutes at 
200 volts. 


: 


and may confine the color to a larger or 
smaller area. Figure 3 shows this reversal 
of travel quite strikingly. The influence of 
time and voltage is seen from Figures 4 
and 5. 

Distance of travel could also be influenced 
by the presence of compounds which unite 
with borate or boric acid and form new 
compounds which have a different rate of 

Fig. 3.—Reversal of travel; samples of standard 


applied at Start Lines A, B, and C, respectively, 
run 60 minutes at 180 volts. 
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Fig. 4.—Current vs. no 
current, and influence of 
time, run at 200 volts. 


| 
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travel because they represent different ions. While a great deal of work has been done 
This is quite conceivable, e. g., when poly- in an effort to develop the best possible 
hydric alcohols, such as glycerol or manni- buffer for the purpose, a final decision has 
tol, are present. We intend to carry out by no means been reached. Just about any 
work along this line as time permits. solution that conducts the electric current 
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Fig. 5.—Influence 
voltage on distance of 
travel. 
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will give useful results, but individual buf- 
fers may show advantages for one reason 
or another. There have been indications 
that alkaline buffers give more color, and 
they certainly would preclude any loss of 
boron; but the acid buffers give faster color 
development, and the color seems to have 
less tendency to fade with time. Acid buf- 


fers would also be indicated when insoluble . 


heavy metal borates could be precipitated in 
alkaline buffers. The oxalate buffer detailed 
under Equipment and Reagents has the ad- 
vantage that the paper ionogram is acid at 
the time when it is being sprayed with the 
turmeric solution, which is desirable, and 
that the acid is oxalic acid which is known 
to increase the color of turmeric with 
borate."*® Further work in the field of buf- 
fers should take into consideration the fact 
that various other ions have been reported 
as influencing the turmeric-boron. color, 
such as some halides and potassium,”®*! and 
their addition to the buffer systems might 
well serve to increase or decrease the inten- 
sity of the boron color produced on the 
strips. 

Attempts have been made to combine the 
ingredients of the spray solution with some 
buffer system or with the paper in order to 
make the method even simpler and to arrive 
at a one-step procedure. Neither turmeric 
nor its active principle, curcumin, has been 
found to be soluble in aqueous buffer solu- 
tions, but it is quite feasible to impregnate 
the paper strips with these color reagents 
for borate. The latter are no more than 
curcuma paper, which has been used as 
borate test paper for at least 50 years and 
was indeed used for some very early chro- 
matographic work.?° However, these at- 
tempts have been singularly unsuccessful 
for one reason or another, but further in- 
vestigations may well show the way toward 
achievement of the goal, because we have 
by no means preempted the possibilities of 
experimental variations. 

An interesting observation was made * 
when subjecting urine samples to iono- 


* By Dr. Levinskas ef our Department. 
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phoresis. Besides the red boron band, there 
was always observed a blue band farther 
out toward the anode. No explanation can 
be offered at this time as to the causative 
agent, because there has been no report in 
the literature on a blue color being formed 
from turmeric with any material, be it 
organic or inorganic, with the exception 
of a blue boron color being observed on the 
alkaline side in certain circumstances. Since 
we have noticed this blue band irrespective 
of the pH of the buffer employed, we be- 
lieve this band to be unrelated to boron. 
Inasmuch as it has not been observed with 
urines which had been oxidized with hydro- 
gen peroxide, we believe the blue color to 
be caused by an organic material. The blue 
color has been found on all ionograms of 
urines, whether they were derived from 
control humans and animals or from boron- 
exposed animals, and the bands always 
showed about equal intensity. This makes 
it likely that the compound responsible for 
the color is a very common urinary con- 
stituent. Spraying of an ionogram with 
triketohydrindene hydrate Nihydrin) 
reagent, instead of with the turmeric rea- 
gent, did not produce a blue color, and 
thus it is unlikely that amino acids or sim- 
ple proteins are responsible. It is interest- 
ing to note that the blue band, while 
normally ahead of the red boron band in 
its travel, will stay behind if the sample is 
applied close to the anode, and the general 
direction of travel is thus reversed. This 
behavior may be linked with the size of the 
unknown molecule and its electrical charge 
and may eventually furnish a clue to its 
identity. We shall continue to investigate 
this whole problem in an effort to clarify 
the mystery.+ 


While the new method has been applied 
primarily to biological materials and their 
hydrolyzates, as well as to standard boric 
acid solutions, some preliminary work has 
been done to adapt it to other problems in 
which separation of boron from contami- 
nants is necessary, such as in the analysis 


+ To be published as a separate paper. 
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of steel for its boron content. Some of 
the same considerations hold in this case 
that moved us originally to devise the meth- 
od. Depending on the buffer systems used, 
we have encountered more or less deposition 
of iron hydroxides on the paper strips, and 
they usually contained the borate, perhaps 
in the form of insoluble iron borate. Indi- 
cations of pink color mixed in with the 
brown of the iron suggested the boron was 
there, but it had not been resolved. How- 
ever, when the iron was complexed with 
oxalate or tartrate, a clean separation was 
obtained, the iron traveling to the anode, 
just like the boron, but at much greater 
speed, possibly in the form of the complex 
oxalatoferrate and tartratoferrate anions, 
respectively. Complexing the iron with 
ethylenediamine-tetraacetic acid (Versene) 
was not successful under the same condi- 
tions. There is little doubt that ionophoresis 
is going to be a speedy and dependable tool 
for the determination of boron in steel, 
rocks, etc., but further work is needed, 
which we propose to do. The results of our 
investigations in this field will be published 
as a separate paper. 


Summary and Conclusion 


A new method for the determination of 
trace quantities of boron in biological and 
other materials has been presented. It is 
based on the migration of the borate ion 
to the anode of an electric field and its 
visualization as the red boron—turmeric 
complex, which is developed on the paper 
strip after ionophoresis. The method is ex- 
ceedingly speedy, simple, and sensitive, as 
little as 0.0ly of boron being detectable by 
eyesight. 

Graduate School of Public Health, University 
of Pittsburgh (13). 
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Prevalence of Disabilities Among Government 


Employees 


A Second Eight-Year Analysis 


ALEXANDER TISH, M.D., Washington, D. C. 


This study constitutes an analysis of dis- 
abilities among 54,462 Government em- 
ployees added to ‘the disability retirement 
roll in the eight fiscal years from July 1, 
1948, to June 30, 1955, by the United States 
Civil Service Commission. 

A previous eight-year analysis which I 
made covering 29,641 Government employ- 
ees added to the disability retirement roll 
between July 1, 1939, and June 30, 1947, 
was published in June, 1948.1 

As I have stated in previous studies, the 
Federal Government is still the largest sin- 
gle employer in the United States. The 
average number of Federal employees em- 
ployed in any one year during this eight- 
year study was 2,330,000.2 The average 
annual number of these employees covered 
under the United States Civil Service re- 
tirement system during this same eight-year 
period was 1,733,000, or approximately 
75% of the total number of Federal em- 
ployees. 

The average age of the 54,462 disabled 
annuitants whose cases were studied was 
55.6 years. 

The present study, although covering the 
same number of years as the earlier study, 
shows almost twice as many disabled an- 
nuitants. These disabled former Govern- 
ment employees were retired from positions 
scattered throughout the United States and 
in American possessions and overseas posts, 
including rural as well as urban areas. They 
were distributed most heavily in the more 


Received for publication Nov. 9, 1956. 
Chief, Disability Retirement Section, Medical 
Division, United States Civil Service Commission. 
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densely populated industrial areas and were 
in more than 40,000 different occupational 
categories, covering practically every con- 
ceivable occupation, profession, or scientific 
endeavor. 

This analysis, therefore, represents an 
accurate cross sectional study of the fre- 
quency and extent of chronic disabling dis- 
eases among the general population of the 
United States. 

As there are no accuraté large-scale na- 
tional statistical studies of the number and 
frequency of disabilities prevalent in the 
United States, this analysis constitutes an 
important contribution to our national mor- 
bidity experience. 

Various estimates as to the extent of 
chronic disabilities existing in the total pop- 
ulation of the United States have been 
made. 

Among these, the figures released by the 
Commission on Chronic Illness are prob- 
ably the most reliable.* According to the 
Chronic Illness Commission there are 5,- 
500,000 persons in the United States with 
chronic disabilities sufficiently serious to 
require some form of care. Of this 5,500,- 
000, 2,100,000 are over 65 years of age, 
and 1,800,000 are between 45 and 65. No 
breakdown of the types of disabilities en- 
countered are given. 

Our second eight-year study, which forms 
the basis for this analysis, shows very little 
change over the first study with respect to 
the relative frequency of the disabilities 
encountered. Of all our disabled annuitants, 
24,655, or 45%, were retired for cardio- 
vascular disabilities, while 7960, or 19%, 
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ice from July 1, 1948, to June 30, 1955. 


were retired for disabilities of the nervous 
system (Fig. 1). 

An analysis of the diseases of the nervous 
system appears in Figure 2, and a break- 
down by year appears in Table 2. In this 
analysis of the disabilities of the nervous 
system in the order of their frequency, 
the psychoneuroses still make up by far 
the largest number, namely, 43%, of all the 
disabilities of the nervous system, and the 
schizophrenias are the second largest group. 
The schizophrenias have shown a sizable 
increase in percentage rate to 16% as 
against the earlier rate of 10.7%. 

One marked change in our present eight- 
year study over that of the previous one is 
the marked reduction in the number of cases 
of syphilis of the central nervous system. 
In the study reported here (Fig. 2) syphilis 
of the central nervous system has dropped 
to tenth place in order of frequency, or a 
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30% 34 407 45% 
CARDIOVASCULAR 
24,665 

NERVOUS SYSTEM ‘1960 

BOoves AND TOTS 6580 

RESPIRATORY SYSTEM 
CANCER OF ALL SYSTEMS 2497 
DIGESTIVE SYSTEM 2357 
EYES 1368 
GEN TO-URINARY SYSTEM 
Diaseres METLITIS 775 
Varicose Veins 


TAYROID AND OTHER ENDOCRINE DISEASES 


HERNIAS SIS 


Diseases OF THE EARS 403 


Fig. 1—Prevalence of disabling diseases among annuitants retired from Government serv- 


rate of 3.2%, whereas in our earlier study 
it stood third, with a frequency rate of 
7.9%. 

What is the explanation for this signifi- 
cant change in our experience? I believe 
the answer lies in the more frequent large- 
scale use of penicillin in massive doses in 
the eight-year period covered by this study: 
A glance at Table 2 shows how the number 
of cases of syphilis of the central nervous 
system have decreased from a high of 62 in 
1948 to a low of 17 in 1955. 

Another striking change in the frequency 
of the disabilities of the central nervous 
system is noted in the frequency of multiple 
sclerosis cases. In the present study here 
reported (Fig. 2), multiple sclerosis is now 
in third place with a total of 338 cases, or 
4.2%. 

In our previous eight-year analysis the 
frequency of multiple sclerosis was such 


Vol. 15, Feb., 1957 


of 
PERCENTAGE - 
/ 
ds 


PREVALENCE OF DISABILITIES AMONG GOVERNMENT EMPLOYEES 


207% 


30% 


.—l 
23 
@ 


“TOTAL NumBeR oF System 


SYPHILIS OF THE 
NERVE 

CEREBRAL 

BRAIN 


ENCEPHALITIS 


3247“ 


SCH/ZO PHREMAS 


MULTIPLE SCLE MOSES 33% 
DISEASES OF THE SPINAL CORD 
INVOLU TIOWAL 


MELANCHOLIAS 


MAWIC DEPRESSIVE PSYCHOSES 


CEREGRAL ARTER/OSCLEROSES AnD SENILE PSYCHOSES 


EPILEPSY 
PARALYSIS AGITANS 
CENTRAL NERVOUS SYSTEM 
PARALYSES 
HEMORRHAGE 
TUMORS 
LETHARGICA 


PARANOIAS 


7760 


Fig. 2.—Prevalence of diseases of the nervous system among disabled annuitants retired 
from Government service from July 1, 1948, to June 30, 1955. 


that it assumed 12th place in order of fre- 
quency among nervous system disabilities, 
or a rate of 2.7%. 

What is the reason for this marked in- 
crease in frequency? There may be several 
reasons, among which are improved and 
more accurate methods of diagnosis and 
people appearing earlier before physicians 
for diagnosis and treatment. I believe that 
some of the reasons are difficult to assess 
from our studies. Perhaps they are or 
should be receiving the attention of our 
large neurologic research centers. 

With respect to the increase in frequency 
of diseases of the spinal cord in our pres- 
ent eight-year study, so that they now as- 
sume fourth place on our list, with a 
percentage rate of 4.2%, as compared with 
our earlier eight-year experience when dis- 
eases of the spinal cord assumed ninth 
place, I believe this change can be attributed 
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to the increased use of the automobile in 
our present-day mode of living with a con- 
comitant increase in injuries to the spine 
and spinal cord. 

With respect to our cancer experience, 
cancer of all systems stood in seventh place 
in order of frequency, with a rate of 3%, 
in our earlier eight-year study, whereas in 
this present study cancer of all systems 
stands in fifth place, with rate of 4.5%. 

This is an appreciable rise in our cancer 
disability experience, for which we are un- 
able to account. By analyzing the number 
of cancer cases involved by system, we note 
that there has been an appreciable increase 
in the number of cases of cancer of the 
respiratory system. In our earlier study 
cancer of the respiratory system was fourth 
in order of frequency, with a percentage 
rate of 11% of the total number of cancers. 

In our present study (Fig. 3) cancers of 
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the respiratory system have advanced to 
third place in order of frequency, with a 
percentage rate of 20%, or one-fifth of all 
cancers. This is almost equal in frequency 
to cancers of the genitourinary system. 
To what is this significant increase in the 
number of cases of cancer of the respiratory 
system due? Is it due to increased exposure 
to carcinogenic inhalants as the result of the 
widespread use of tobacco smoking or to 
a heavy increase in automobile traffic, par- 
ticularly in congested cities where there is 
a greater density of carcinogenic particles 
suspended in the atmosphere? Is it the re- 
sult of more widespread mass x-ray surveys 
of the chest by public health authorities 
and of more frequent periodic physical ex- 
aminations through voluntary health insur- 
ance coverage plans that more cases of 
cancer of the respiratory system are uncov- 
ered now? Whatever the cause or causes 
are, I believe that in the not too distant 
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Fig. 3.—Prevalence of cancer among disabled annuitants retired from Government service 
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future, as cancer detection methods become 
more and more widespread in their use and 
the general public becomes better educated 
to their need, we will witness a_ trend 
wherein cancers may result in fewer dis- 
abled annuitants. 


Summary 


In our present eight-year study of the 
prevalence of disabilities among 54,462 an- 
nuitants added to the disability retirement 
roll from July 1, 1948, to June 30, 1955, 
very little change is noted in the frequency 
of major disabilities for which these an- 
nuitants were retired as compared with an 
earlier eight-year study from July 1, 1939, 
to June 30, 1947. 

Cardiovascular disabilities still make up 
almost one-half of the total number, as one 
would expect in this age group. However, 
very significant changes have taken place in 


165 


PREVALENCE OF DISABILITIES AMONG GOVERNMENT EMPLOYEES vi 
PERCENTAGE 
40 
20 = a 
a 

|| 


A. M. 


the prevalence of nervous system disabili- 
ties, particularly with respect to the fre- 
quency of syphilis of the central nervous 
system and multiple sclerosis. 

Significant changes have also occurred 
with respect to the frequency of cancer of 
the respiratory tract. 

2701 Connecticut Ave., N. W. 
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News and Comment 


ANNOUNCEMENT 


Preventive Medicine Board Examination.—An examination in occupational medicine 


will be held before the American Board of Preventive Medicine in St. 


Louis, Mo., 


April 26-28, 1957. Definite information as to the exact place of the examination will be 
published in a forthcoming issue of the ARCHIVES. 
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It is important in the use of ethylene 
oxide as a fumigant and/or bactericide* to 
know how much of the chemical is retained 
by the object being fumigated. Ethylene 
oxide gas is completely soluble in water. It 
is well known that this gas in water solution 
is harmful to the skin.* Thus, it would be 
very advisable to get some estimation of the 
ethylene oxide retained by clothing which 
has been fumigated. Since leather is a good 
adsorptive material and feet are often moist 
with perspiration, it is essential that shoes 
should be tested for the retention of this 
fumigant. The retention of ethylene oxide 
was measured by the use of the C-labeled 
compound. 

A new unused shoe and a well-worn old 
shoe of similar construction furnished the 
samples for testing. Samples were cut from 
different parts of the shoes, as noted in 
Table 1 and Figure 1. 


Received for publication July 9, 1956. 
Department of Chemistry, The Florida State 
University. 
* References 2 and 3. 
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Parts of the shoes differed slightly in 
construction. The insole of the old shoe was 
tacked, while that of the new shoe was 
sewed. The composition of the material be- 
tween the insole and leather of the sole was 
also different. The material used as a filler 
for the new shoe was primarily cork and 
glue, while that for the old shoe was pri- 
marily fiber and “tar.” The toe of the new 


TasLe 1.—List of Samples Used 


Similar Samples Were Used from Both Old 
and New Shoes. Odd Numbers Indicate Exposure 
for the Finished (Smooth) Side of the Leather, 
and Even Numbers Indicate Exposure for the 
Unfinished (Rough) Side of the Leather. 


No. Sample Description 
Toe, upper 
Insole, with filler removed 
Insole, with filler 
Tongue 
Grommet, with metal eyelet 
Leather, ankle upper 
Seam, between upper and heel reinforcement, side 
Heel reinforcement, three-ply leather, side 
Heel reinforcement, back seam, with cloth (bias tape) 
reinforcement 
37 Shoe string, two inches 
39°-40* Toe, — leather design, two-ply 
41-42 Heel 


29-30 
31-32 


oa was no comparative sample for the old shoes due to styl- 
ng. 


_ Fig. 1—Parts of shoe 
from which samples 
were selected. 
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shoe was of different design from the toe 
of the old shoe. The new shoe was of two- 
ply leather, with a perforated band across 
the toe of the outer layer. The old shoe 
was a single-ply, soft-toed upper. The heel 
insole for the new shoe was made of unfin- 
ished leather. 

Samples of 1 in. diameter were pressed out 
by a gasket cutter from different parts of the 
shoes submitted and placed in metal planchets. 
Two samples from each location were taken, 
so that each side was exposed. Four samples, 
in their planchets, were placed in a 125 ml. 
glass-stoppered bottle, and sufficient tagged 
ethylene oxide was added to give a concentra- 
tion of the gas of 100 mg/liter. The ethylene 
oxide was added to the bottle in the liquid 
state by means of a syringe. The liquid did 
not come in contact with the sample or the 
planchet. Since the boiling point of ethylene 
oxide is approximately 56 F, it would readily 
vaporize at room temperature of 65-70 F. In 
all cases the samples were exposed for 16 hours 
at room temperature. Every effort possible 
was made to keep all samples under the same 
conditions. Immediately at the end of the 
exposure time the samples were placed in con- 
tact with a Geiger-Mueller tube, and the radia- 
tion of the C* counted with use of a Tracerlab 
“64” counter. The usual methods of counting 
were observed, considering the normal back- 
ground count of the location of the instruments. 
These initial counts give some idea of the rela- 
tive initial sorption of the ethylene oxide, as 
all samples were in contact with the same 
concentration of tagged ethylene oxide for 
the same length of time. Aeration of the 
samples was accomplished by simply allowing 
the samples to remain in the planchet exposed 
to air under normal conditions of air circula- 
tion. Retention data were calculated in per 
cent of gas retained. 


TaBLe 2.—Heel Reinforcement, Back Seam 


Smooth Side 
(Sample 31) 
Old 


ew 
Initial Counts/Min. 93 51 


Rough Side 


Per Cent Retention 
56 

1 

31 


54 
59 
54 
39 
21 
21 
18 


LOGARITHMIC TIME 


1 
100 80 60 40 20 i?) 
PER CENT RETENTION 

Fig. 2.—Retention of ethylene oxide by 
tongue (Samples 21 and 22): NR, new rough 
side; OR, old rough side; NS, new smooth 
side, and OS, old smooth side. (This key de- 
notes age and nature of surface of the leather.) 


As an example of the experimental results 
obtained, Table 2 gives the data for the heel 
reinforcement, back seam (Samples 31 and 32). 
The complete data for all the samples will be 
submitted by us to any one interested. 


The tongue (Samples 21 and 22) and the 
heel insole (Samples 41 and 42) are impor- 
tant, because they are in direct contact with 
the foot. The data obtained for these sam- 
ples are graphed in Figures 2 and 3. With 
the tongue the rough side is next to the 
foot, while with the insole the smooth side 
makes the contact. It will be noted that the 
rough side of the tongue retains much more 
ethylene oxide than the smooth side. With 
the heel insole it is evident that when dirt 
is worked into the leather retention, and thus 
absorption of the ethylene oxide, is much 
less. 
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RETENTION OF ETHYLENE OXIDE FUMIGANT BY SHOES 
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Fig. 3.—Retention of ethylene oxide by heel 
insole (Samples 41 and 42): NS, new smooth 
side; NR, new rough side; OS, old smooth 
side, and OR, old rough side. (This key de- 
notes age and nature of surface of the leather.) 


Several conclusions have been drawn from 
data collected and observations made while 
testing. Dirt-impregnated leather does not 
pick up or retain ethylene oxide as readily 
as new leather. 


However, old soft clean 


Beard-Dunmire 


leather picks up and retains ethylene oxide 
more readily than the same comparable 
leather of a new shoe. Soft pliable leather, 
such as the tongue and insole, picks up and 
retains the ethylene oxide most readily 
(e. g., old shoe Samples 21 and 22 and new 
shoe Samples 41 and 42). The seams, such 
as the seam up the back of the shoe (Samples 
31 and 32), absorb unusually large amounts 
of ethylene oxide. Here the leather is dou- 
bled over at the seam with a bias tape on 
the seam. This bias tape, made of cotton, 
is covered by the outer layer of leather. 
Other seams absorb nearly as much, indi- 
cating trapping of ethylene oxide by the 
seam. Old leather retains the ethylene oxide 
much longer than the comparative new shoe 
sample (e. g., Samples 13, 14, 21, 22, 25, 
26, 27, 28, 41, and 42). Smooth-finished 
leathers absorb and retain less ethylene oxide 
than spongy, soft leathers. The data indicate 
that the soft, spongy, unfinished side of the 
leather retains more than the smooth side 
(new shoe Samples 9, 10, 21, 22, 25, and 26 
and old shoe Samples 25 and 26). 
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The States Speak 


Highlights of Some Annual and Biennial Reports 


The activities of occupational health agen- 
cies in the various States are portrayed in 
panoramic style every so often with the ap- 
pearance of annual or biennial reports. 
Appearance and form of the reports vary 
broadly, but in the sum they give a picture 
of common problems. 

A common problem of concern to virtu- 
ally all occupational health agencies, as re- 
flected by these periodic reports, is that of 
ionizing radiation. A number of States 
have given attention to regulations dealing 
with the use of the sources of ionizing radi- 
ation, whether it be shoe-fitting fluoroscopes, 
radioactive isotopes, or x-ray sources for 
testing industrial castings. Some States, 
especially those in which uranium mining 
is being carried on, have additional prob- 
lems. 

The report of the Industrial Hygiene 
Section, Wyoming Department of Public 
Health, for example, reflects not only the 
State’s concern with the problems of mining 
but also with other sources of ionizing radi- 
ation. 

“The increased use of radioisotopes and 
production of uranium ores in this State 
has made it necessary to secure specialized 
equipment and reserve time to evaluate the 
occupational hazards associated with these 
materials. An amendment of the radioiso- 
tope registration law was prepared, sub- 
mitted and subsequently passed by the State 
Legislature. This measure broadened the 
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coverage of the original law to include all 
handlers and producers of radioactive ma- 
terials.” 

The report adds that there has been a 
continuing inspection program for all x-ray 
devices and shoe-fitting fluoroscopes. Of 
the latter, it says the following: 

“These surveys have indicated that radia- 
tion levels vary due to changing operation 
techniques and mechanical variations and it 
is considered necessary to continue these 
inspections on a periodic basis to insure 
the safest possible working environment.” 

As it was with other States, the work of 
the Industrial Hygiene Section, Kansas 
State Board of Health, was varied. In addi- 
tion to being called upon to make occupa- 
tional exposure studies involving a fatality 
from hydrogen cyanide exposure during 
flour mill fumigation, carbon monoxide 
poisoning in a chemical plant, dermatitis 
in a diesel locomotive servicing plant, and 
nitroglycerine exposures in a powder plant, 
the section was asked to conduct numerous 
air pollution studies. The transfer of occu- 
pational disease data to Board of Health 
forms was also begun so as to consolidate 
such information in a uniform manner and 
in a single location. The section also indi- 
cated an urgent need for plans for an agri- 
cutural occupational health program in 
Kansas. 

At Wichita, Kan., in cooperation with 
the Occupational Health Program of the 
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Public Health Service and the Wichita- 
Sedgwick County Department of Health, 
study of an environmental heat problem was 
begun in a large plant (Fig.). The study is 
continuing. 

Oregon’s activity during the biennium 
just ended included a survey of the occupa- 
tional hazards of the academic life. The 
State’s Occupational Health Section made 
its study on the Engene campus of the Uni- 
versity of Oregon at the request of the 
University’s staff physician. Aware that 
many academic pursuits involve the han- 
dling and storage of dangerous substances 
and that a University employs many people, 
the physician sought the advice of the Oc- 
cupational Health Section. 


Federal, State, and 
local industrial hygiene 
engineers work together 
on a heat study in a 
large Wichita, Kan., fac- 
tory. Left to right, An- 
drew D. Hosey, Chief, 
Engineering Services, 
Occupational Health 
Program, U. S. Depart- 
ment of Health, Educa- 
tion, and Welfare; J. 
Lee Mayes, Industrial 
Hygiene Section, Kansas 
State Board of Health, 
and James Aiken Jr., 
Wichita - Sedgwick 
County Department of 
Public Health, check in- 
struments which are re- 
cording heat and humid- 
ity data in the plant. 


Problems surveyed were in those depart- 
ments which apparently had the greatest 
potential for occupational hazards. These 
included all scientific fields, architecture and 
allied arts, the University’s physical plant, 
print shop, library, home economics depart- 
ment, health and physical education depart- 
ments, the athletics program, and_ the 
military and air science programs. 

The survey resulted in a number of 
recommendations and suggestions, among 
them the suggestion that special lectures on 
occupational hazards be included in chem- 
istry and similar courses. 

The annual report of Indiana’s Division 
of Industrial Hygiene presents a graphic 
picture of the broad spectrum of activity 
that may fall under the general heading of 
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“occupational health.” The report notes that 
information on approximately 300 different 
subjects was sought in office consultations 
with members of the division staff. Alto- 
gether, there were more than 1000 consulta- 
tions during the year. The subject most 
asked about was lead, with 61 consultations 
on some phase of lead poisoning, blood or 
urine analysis for lead. Silicosis or control 
of silica-bearing dusts was the subject of 
46 consultations. Carbon monoxide, carbon 
tetrachloride, mercury, air pollution, and 
various problems relating to ionizing radia- 
tion also contributed heavily to the total 
number of office consultations. 

The Division of Occupational Health of 
the Los Angeles City Health Department 
notes in its annual report that the tremen- 
dous growth of the Los Angeles area con- 
tinues to bring new and pressing problems 
to the attention of the occupational physi- 
cian and the industrial hygienist. To help 
meet these problems, all personnel of the 
City Department’s central and district staffs 
associated with occupational health have at- 
tended bi-monthly training sessions. The 
materials covered in these meetings include 
the newer problems of industries in the area 
and serve to keep the division personnel 
abreast of recent developments in occupa- 
tional health. 


The Bureau of Industrial Hygiene of the 
Baltimore City Health Department reported 
an interesting case relating to ultraviolet 
exposure in connection with a coin-in-the- 
slot device used to acquire a quick suntan. 


The device gives an exposure of five 
minutes for each coin inserted, but a cus- 
tomer who took three exposures in rapid 
succession was hospitalized for overexpo- 
sure and burn. Further investigation indi- 
cated that there were at least four other 
cases of overexposure and injury from 
similar machines. The Bureau has recom- 
mended that warning signs be posted on 
the machines informing users of the dan- 
gers of overexposure to ultraviolet light. 

This is just a sampling, not even a cross 
section, of the tremendous amount of work 
done by State and local occupational health 
and industrial hygiene agencies. 

There is one recurrent theme that appears 
in many of the reports, emphasized in nu- 
merous ways. That is the need for training 
additional personnel in the skills de- 
manded by occupational health. Only by 
training more specialists in every occupa- 
tional health facet can the present and 


future health of the American worker be 
assured. 


Lift Trucks Raise Carbon Monoxide Level 


A serious carbon monoxide health hazard 
was caused by the misapplication of propane 
gas-powered lift trucks at a new cold stor- 
age plant in southwestern Michigan. 

The company had purchased three pro- 
pane lift trucks for use in the freezer room 
and dock areas, because operating features 
of the trucks appeared favorable and adver- 
tising literature claimed “rids air of carbon 
monoxide.” The new lift trucks were prop- 
erly serviced and were believed to be in 
first-class operating condition. Frozen fruit 
was hauled into the freezer room generally 
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using only one truck at a time. This room 
was 160 ft. square and 17 ft. high. It was 
maintained at —10 F. 

After one month’s operation the room 
was about half filled with fruit. About this 
time two of the workers who had worked 
in the freezer room complained of dizziness 
and slight headache. A few days later the 
lift truck operator came out of the freezer 
room and lost consciousness. He was taken 
to the hospital in an ambulance and regained 
consciousness about 45 minutes later. He 
did not work for four days thereafter. 
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The freezer room air was found to con- 
tain 400 parts of carbon monoxide per 
million parts of air, but the actual exposure 
of the truck operator may have been higher. 
An electric lift truck was obtained imme- 
diately and fans were run in the opened en- 


A comprehensive report of the results of 
a three-month study of mental health in 
Minnesota industry has been completed by 
Dale C. Cameron, M.D., Medical Director, 
Minnesota Department of Public Welfare, 
Harry Levinson, Ph.D., of the Menninger 
Foundation, Topeka, Kan., and their staff 
of six, which included Richard Anderson, 
M.D., Robert Challman, Ph.D., Carl Kout- 
sky, M.D., Richard Teeter, M.D., William 
Sheeley, M.D., and John Brantner, M.S. 
The study was sponsored by the Committee 
on Industrial Mental Health of the Minne- 
sota Association for Mental Health and the 
Minnesota Academy of Occupational Medi- 
cine and Surgery. 

Here are the general conclusions reached 
in the study: 

1. There seems to be a very apparent 
need for coordination and expansion of 
psychiatric services, research, and educa- 
tional programs already available or being 
organized now in Minnesota industries. 

2. There is a wide interest in the expan- 
sion of services outside of industry to which 
industry can refer employees who need help. 

3. There is a great and continuing need 
for further conferences on prevention of 
emotional disturbances on the job and on 
the promotion of mental health in general. 
Such conferences need to be concerned not 
only with specific problems of the industrial 
employee, but also must provide for further 
research into industry-environment relation- 
ships. They must include persons in spe- 


Agencies Complete Three-Month Study of Industrial 
Mental Health in Minnesota 


trances to the freezer room to reduce the 
carbon monoxide concentration. 


Bernard D. BLOOMFIELD 
Division of Occupational Health 
Michigan Department of Health 
Lansing, Mich. 


cialized fields as well as generally trained 
management personnel. 

4. While there seems to be a high interest 
in and strong opinion about the importance 
of mental health in industry, there are no 
standardized programs and policies in most 
firms for attacking emotional problems or 
for maintaining health in this area. Both 
top management and the medical and per- 
sonnel departments of industry seem to be 
groping in the dark for methods of treating 
and solving emotional disturbances. 

5. It is highly probable that industry 
contributes to the support of community 
agencies designed to cope with the problems 
of mental illness and emotional disturbance 
but is not making direct use of those agen- 
cies for its own employees who need help. 

6. Management is probably not yet fully 
conscious of its responsibility for emotional 
problems connected with employment and of 
its concern for the general emotional “cli- 
mate” of an employee’s total environment. 
While there is a fine line of human dignity 
beyond which industry does not have the 
right to interfere with a man’s individuality, 
nonetheless, each worker must be treated as 
a whole man, not just as a “hired hand.” 

7. What a person does is not any more 
important than how he does it; mental 
health programs are not a management 
technique which can be superimposed on 
the work force but are general human rela- 
tionship programs affecting the total work 
environment. 
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8. There is a need for seminars, confer- 
ences, training sessions, and similar oppor- 
tunities for foremen and supervisors who 
must carry out mental health programs and 
who are closest to the employees and for 
management people whose interest and un- 
derstanding are essential for the effectiveness 
of any mental health program. 

Summarizing a day of conferences at 
the end of the three-month survey, Dr. 
Cameron said: 

“One other conclusion which might be 
drawn . . . is that it’s too early to freeze 
any patterns on just how all of the mental 
health approaches to the several categorical 
problems could be arranged. It is wise to 


continue to experiment with different meth- 
ods and approaches. All this leads to some 
speculation on what are the next steps. . . . 
It might be helpful to consider further 
seminars of the kind where you have mix- 
tures of individuals with various trainings 
and interests, and other seminars structured 
around particular groups, relative to moti- 
vation, to identification of their special 
problems, to referral at management and 
other levels throughout a plant. The basic 
problem is to learn how better to apply 
information gained in the clinical mental 
health setting to help solve some of the 
managerial and other industrial problems 
involving people.” 


Statistics Sought on Human Leptospirosis 


The Rural Occupational Health Program 
in the South Dakota State Department of 
Health is seeking information from all pos- 
sible sources on the incidence of human 
leptospirosis in the State. 

Since leptospirosis in man is not a report- 
able disease in South Dakota and _ since 
manifestations of the infection may be quite 
vague, there is little information presently 
available on how widespread it may be. 

This has been pointed out by Dr. C. D. 
Cox, writing in the South Dakota Journal 
of Medicine and Pharmacy. Dr. Cox noted 
that serum tests performed in 1953 on the 
blood of 140 Iowa veterinarians showed 
some reaction in 23 cases and that 527 
random blood tests performed by Dr. Cox 
himself gave some degree of titer in 17 
cases. 

In publicizing the search for human 
leptospirosis, the State Department of 
Health said: 


“The method of elimination of the in- 
fecting organism from the infected animal 
and the close contact which farmers have 
with their animals tend to make leptospiro- 
sis a potential problem worthy of note in 
any consideration of rural occupational 
health. The organisms are generally elimi- 
nated in the urine of infected animals or 
convalescent carriers. Especially in swine, 
uterine discharges may also be found to 
carry the infection. 

“The route of infection in susceptible 
animals or man appears to be via the con- 
junctiva, skin contact, pharyngeal membrane 
or inspiration. 

“It has been found that leptospiral infec- 
tions, once established, will eventually result 
in development of subclinical as well as 
clinical cases throughout any exposed herd. 
Consequently, the farmer may unknowingly 
be in contact with the infection over long 
periods of time.” 
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Two more States, Pennsylvania and 
Texas, have been added to the growing list 
of those adopting formal regulations under 
their occupational health divisions for radi- 
ation safety, control, and registration of 
equipment and material which produces 
ionizing radiation. 


In these two States, one can find little 
difference between the regulations, a tribute 
to the model regulation as developed in 
Handbook 61 of the National Bureau of 
Standards. 


Body Burden 


In an effort to determine the retained 
body burden of radioactive materials, eight 
volunteers who worked from three to six 
years in the ore crushing rooms of uranium 
mills in the Colorado Plateau were tested 
at the Los Alamos Scientific Laboratory 
last summer. Five of the men worked in 
the crushing rooms at the time of the tests. 
Three had been assigned to other duties and 
had been away from the crushing opera- 
tions for three months to a year. 

Under the supervision of Dr. Thomas 
Shipman, Medical Director of the Los Ala- 
mos Laboratory, the men underwent two 
days of testing in a recently developed in- 
strument (Fig.) so sensitive that it is able 
to measure the normal body content of 
radioactive potassium. 

The apparatus is slightly larger than an 
iron lung respirator, and the subject being 
tested is slid in on a movable tray and then 
sealed in the cylinder. Filtered air is 


provided from an outside source for the 
duration of the test, approximately three 
minutes. 


Two More States Adopt Radiation Safety Regulations 


Uranium Mill Employees Tested to Learn Radium 


The Texas regulations include another 
emphatic note: 

“Although the values proposed for maxi- 
mum permissible dose are such as to involve 
a risk that is small compared to the other 
hazards of life, nevertheless, in view of the 
unsatisfactory nature of much evidence on 
which the judgments must be based, coupled 
with the probability that certain radiation 
effects are irreversible and cumulative, it is 
strongly recommended that every effort be 
made to reduce the dose of all types of 
ionizing radiation to the lowest practicable 
level.” 


The radiation given off by the subject ts 
picked up by a battery of scintillation 
counters which surround the test cell. 

The purpose of the experiment, planned 
by the Occupational Health Field Station 
in Salt Lake City, Utah, was to obtain data 
on the rate of fixation of radioactive mate- 
rials in the body and on the rate of elimina- 
tion of small amounts of radioactive 
materials, 

After two days of frequent bathing and 
frequent testing, it was determined that the 
men apparently eliminated small amounts of 
radioactive materials accumulated from 
their working environment as fast as they 
were taken in. 

The sensitivity of the apparatus and the 
freedom from radioactivity of the men were 
inadvertently cross checked by leather belts 
which two of the men wore, both at work 
and on their trip to Los Alamos. 

The leather of the belts apparently re- 
tained a fairly high level of radioactive 
dust in comparison with the normal body 
burden retained by the men. Whenever one 
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of the men came into contact with his con- 


taminated belt before being tested, he 
showed a comparatively high level of radio- 
activity. 

After observing several high readings on 
these two men that were in conflict with 
previously recorded low readings, the Los 


Alamos technicians traced the high readings 
back to the belts. After bathing and no 
contact with the belts, the men showed nor- 
mally low readings again. 
Adapted from: 
UCN Photo News 
Union Carbide Nuclear 
Uravan, Colo. 


Director Appointed for New Texas Occupational 


Health Division 


Dr. William L. Wilson, former Brigadier 
General in the U. S. Army Medical Corps, 
has been appointed to head the recently 
created Division of Occupational Health in 
the Texas State Department of Health. 

Dr. Wilson received his undergraduate 
training at Southern Methodist University 
and was granted his Doctor of Medicine 
degree from Baylor University, Dallas, 
Texas, in 1926. 
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An honor graduate in the Medical ROTC, 
Dr. Wilson entered the Army the year he 
graduated and has received extensive train- 
ing in military medical specialties. He also 
attended The Johns Hopkins University 
School of Hygiene and Public Health in 
1947 and graduated with a Master of Public 
Health degree. 


His special military assignments include 
a survey of medical services in the South- 
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west Pacific Area and a medical survey for 
the United States Ambassador to Turkey. 
This survey resulted in implementation of 
the medical phases of the Turkish Military 
Aid Program. 


In his Occupational Health assignment, 
Dr. Wilson will work closely with local 
health departments as well as with Texas 


AIR POLLUTION 


The study of the health effects of air pollu- 
tion may call for more refined techniques than 
have been developed to date by the epidemiolo- 
gist. As one investigator already has noted: 
“Just because we cannot find something does 
not mean it is not there.” In this paper, adapted 
from a talk given in April before the Ninth 
Municipal and Sanitary Engineering Confer- 
ence, sponsored by the University of Florida in 
Gainesville, Fla., Dr. W. Clark Cooper dis- 
cusses some current and proposed methods of 
applying our present knowledge of epidemiology 
to community air pollution. 


As concern has grown over the acute and 
the cumulative effects of polluted air upon 
the health and well-being of an increasingly 
urbanized and industrialized society, in- 
creased demands have been made that some- 
thing be done about it. To support decisions 
as to what should be done first, there have 
come demands for facts—facts as to what 
polluted air does to health, what air-borne 
components are harmful, and in what quan- 
tities they are harmful. One hears more 
and more that better epidemiologic studies 
are necessary; with this, few can quarrel. 

Actually the whole question of the health 
effects of air pollution is an epidemiologic 
problem, or a series of such problems, of 
unprecedented complexity as compared to 
the classic studies upon which the epide- 
miologic method made its reputation. Leavell 
and Clark’ have defined epidemiology as 
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“a science concerned with the study of fac- 
tors that influence the occurrence and dis- 
tribution of disease, defect, disability, or 
death in aggregations of individuals.” It 
therefore draws not only upon all relevant 
vital data bearing on the occurrence and 
distribution of disease, defect, disability, or 
death but also upon the myriad environ- 
mental and other factors that may be corre- 
lated with such vital data and upon the 
experimental work in laboratory or expo- 
sure chamber which may be used in weigh- 
ing one factor against another.2* To say 
that the epidemiologic approach is impera- 
tive is saying nothing more than that the 
problems are sufficiently important and 
complex to deserve orderly and objective 
study. 

This orderly approach requires that one 
define what one is looking for in terms of 
harmful medical effects, define the aggre- 
gations of individuals to be studied, and 
then hope that all relevant factors have 
been taken into account. Definitions in all 
these areas have been extraordinarily diffi- 
cult in the field of air pollution. 


The episodes which provide the only 
conclusive evidence that air pollution does 
affect health are the several dramatic inci- 
dents in which unmistakable increases in 
local atmospheric contamination were asso- 
ciated with clearly localized increases in 
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illness and death. Actually only those inci- 
dents in which death rates were greatly 
increased over brief periods of time have 
been dramatic enough to be carefully 
studied. These episodes are well known. 
In the Meuse Valley of Belgium in Decem- 
ber, 1930, 63 deaths and several hundred 
illnesses were attributed to sulfur com- 
pounds and questionably to fluorine com- 
pounds. In the Donora, Pa., episode of late 
October, 1948, 20 deaths and several thou- 
sand illnesses occurred, attributed to the 
nonspecific effects of two or more irritating 
contaminants.5 The most thoroughly 
studied experience in recent years has been 
that in London during the period Dec. 5 to 
8, 1952, when 4000 more people died than 
normally would have been expected and a 
large but uncomputed increase in illness 
was reported. 

These three dramatic incidents are ex- 
amples of recent epidemiologic experiences 
which have had a number of factors in 
common. In each, after three or four days 
of unusually heavy air pollution resulting 
from special meteorologic factors in areas 
accustomed to recurrent milder degrees of 
pollution, there were unusually high death 
rates apparently associated with nonspecific 
irritation of the respiratory tract. They in- 
criminate air pollution but not specific con- 
taminants, and no one can be sure that 
single contaminants were responsible. 

Other epidemiologic studies which have 
included attention to acute effects have been 
such studies as those in the Detroit-Windsor 
area and in Los Angeles. The Detroit- 
Windsor investigation has been under way 
since 1949® and has utilized the technique 
of the sickness survey, in which trained 
enumerators have periodically obtained an- 
swers to questions on current illness of 
individuals living in high- and low-pollution 
areas. Although it is doubtful whether 
differences in pollution in the areas will 
permit definitive conclusion, the study has 
provided a valuable testing ground for 
techniques in a longitudinal-type study. 

Los Angeles had a particularly obnoxious 
period of smog from Oct. 15 to 20, 1954, 
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which was studied retrospectively by a 
group of investigators who included their 
findings in a report, “Clean Air for Cali- 
fornia,” which appeared in June, 1955.7 The 
investigators attempted to determine wheth- 
er by any of a number of indexes any ef- 
fects on health could be demonstrated other 
than those of extreme irritation of eyes, 
nose, and throat. The incidence of illness 
among older persons and the incidence of 
respiratory disease, based on data from the 
California Health Survey, did not reveal 
any measurable effect. Hospital admissions 
for respiratory diseases and heart diseases 
did not rise. Industrial absenteeism did not 
increase. Deaths attributed to respiratory 
diseases and heart diseases did not increase. 
Infant mortality could not be related. 
Deaths and hospital transfers of occupants 
of nursing homes rose following the week 
of heavy smog of late October, but even 
this was not regarded as conclusive. Thus, 
the acute effects of Los Angeles smog, other 
than a severe nuisance effect, could not be 
demonstrated by available indexes. As 
Gafafer ® has stressed, failure to prove ef- 
fects does not prove none exists; it may 
mean we have not chosen the proper indexes 
for correlation. 

The most troublesome problem to be con- 
sidered by one interested in the public 
health aspects of air pollution is the possible 
effect of inhaling low concentrations, or 
recurrently high concentrations, of air-borne 
contaminants over a period of years. Even 
the casually interested layman may be ex- 
pected to wonder whether, if high concen- 
trations of pollutants cause recognizable 
irritation, lower concentrations over long 
periods might not cause low-grade or de- 
layed effects. 

The difficulties of pin-pointing cause-and- 
effect relationships at these lower levels of 
pollution are staggering when one considers 
the number of possibly relevant factors that 
must be considered over long periods of 
time in heterogeneous populations with 
varying nutrition, heredity, housing, occu- 
pations, and personal habits. It will prob- 
ably be necessary to establish certain general 
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or broad relations before specific factors, 
or combinations of factors, can be proved 
to be operative. 

What types of epidemiologic studies are 
needed, and which of these are in the plan- 
ning stages? We can agree a priori that no 
single epidemiologic study is likely to be 
conclusive for any of the possible chronic 
effects of air pollution on health. We 
should not expect to have any simple dra- 
matic proofs of cause and effect, as occurred 
when Walter Reed proved that mosquitoes 
could transmit yellow fever. There will of 
necessity have to be an accumulation of 
studies which point to common factors and 
relationships. We think it important, now 
that resources are becoming available for 
the purpose, that studies get under way 
and that they be properly planned to pro- 
vide accurate information. Some will be 
screening in character, aimed at getting 
information on various population groups. 
Others will be oriented to specific diseases 
(chronic bronchitis, asthma) in general 
population or to specific pollutants (beryl- 
lium, fluoride, sulfur dioxide, oxidants). 
Some should be cross sectional, such as 
resurveys of Donora; others must be longi- 
tudinal, in which contemporaneous measure- 
ments of pollution and morbidity would be 
made over a number of years. Longitudinal 
studies are regarded as particularly impor- 
tant where changes in concentrations of 
pollutants are brought about by control 
measures. 

Thus, the British are discussing long- 
term studies to take advantage of their pro- 
posed clean-air program in which over a 
number of years drastic reduction of smoke 
pollution in selected areas is contemplated. 
In such areas machinery is being set up 
to gather data as to the incidence of certain 
diseases, such as chronic bronchitis, before 
and after the smoke reduction. It should 
not be necessary to stress again that in all 
these longitudinal studies biologic data and 
environmental data must be gathered con- 
currently. 


Most epidemiologists (for example, 
Haenszel®) feel that productive explora- 
tion of the problem of community air pollut- 
ants as etiologic factors in cancer must be 
preceded, or at least accompanied, by stud- 
ies in industrial populations with more 
clearly defined exposures. One such study 
currently under way is that by the National 
Cancer Institute, in which the experience 
of some 1,100,000 railroad workers is be- 
ing studied, to determine whether those 
especially exposed to certain environmental 
factors, such as diesel exhaust fumes, show 
any evidence of different morbidity or 
mortality factors. 

I have not mentioned the fact that the 
epidemiologic approach is applicable to 
studies of effects on animals and on plants. 
A health agency cannot forget that damage 
to plant and wildlife, as well as nuisance 
effects, are all very real. Although their 
relationships to health may be debatable, 
frequently they provide more objective 
guides to control than do more direct health 
effects, which may take generations to prove 
or disprove through epidemiologic studies. 

I am sure we often get impatient with the 
epidemiologist. When we move into new 
fields, he persistently demands proof. He 
knows how often we have been misled by 
logical inferences based on inaccurate in- 
formation or the incorrect interpretation of 
observed facts. Thus “malaria” means “bad 
air,” a disease designation based on errone- 
ous conclusions before all the facts could 
be known. Fundamental and lasting prog- 
ress can only come from establishing facts 
by rigidly controlled studies. Perhaps be- 
fore too long we will be able to come to you 
with results of newer epidemiologic studies, 
rather than philosophic dissertations lacing 
together scattered points of factual refer- 
ence. 


It is not unusual, however, to have to 
take action before the facts are all in. That 
is the common state of physicians and pub- 
lic health officials. Control measures must 
be planned and carried out. They can 
neither be blanket measures, which are 
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hopelessly uneconomical, nor measures so 
exquisitely pin-pointed to specific substances 
proved to be responsible for health damage 
as to be always behind the problem and 
public demands for action. I believe that 
the conflict between the believers in action 
now and the believers in going slow until 
facts are established is a healthy one. It 
should in the long term lead to common- 
sense compromises, but it will only do so 
if mechanisms for gathering and evaluating 
facts are put into operation promptly. Such 
studies, therefore, rank high in the plans 
of Public Health Service to study the effects 
of air pollution on health. 

W. CrarK Cooper 

Medical Director 


Occupational Health Field Headquarters 
Cincinnati, Ohio 
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